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A ligase-mediated gene detection technique. 
Landegren U, Kaiser R, Sanders J, Hood L. 

Division of Biology, California Institute of Technology, Pasadena 91 125. 

An assay for the presence of given DNA sequences has been developed, 
based on the ability of two oligonucleotides to anneal immediately adjacent 
to each other on a complementary target DNA molecule. The two 
oligonucleotides are then joined covalently by the action of a DNA ligase, 
provided that the nucleotides at the junction are correctly base-paired. Thus 
single nucleotide substitutions can be distinguished. This strategy permits 
the rapid and standardized identification of single-copy gene sequences in 
genomic DNA. 

PMID: 3413476 [PubMed - indexed for MEDLINE] 



Display Abstract Il| show |20 ^Son by |if|Send to 

Write to the Help Desk 
NCBI I NLM I NIH 
Department of Health & Hunnan Services 
Privacy Statement | Freedom of Infornnation Act | Disclaimer 



http ://www. ncbi .nlm . nih.gov/entrez/query . fcgi?cmd=Retrieve&db=pubmed&dopt= Abstract. . 



4/20/05 



Proc. Natl Acad. ScL USA 

Vol. 88, pp. 189-193, January 1991 

Genetics 

Genetic disease detection and DNA amplification using cloned 
thermostable ligase 

(^lobin gene/ligase chain reaction/sickle-ceU allele/single-base mutation) 
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ABSTRACT Polymerase chain reaction, using thermo- 
stable DNA polymerase, has revolutiotiized DNA diagnostics. 
Another thermostable enzyme, DNA ligase, is harnessed hi the 
assay reported here that both amplifies DNA and discriminates 
a single-base substitution. This cloned enzyme specifically links 
two adjacent oligonucleotides when hybridized at 6S°C to a 
complementary target only when the nucleotides are perfectly 
base-paired at the Junction. Oligonucleotide products are ex- 
ponentially amplified by thermal cycling of the ligation reaction 
in the presence of a second set of a4jacent oligonucleotides, 
complementary to the first set and the target. A single-base 
mismatch prevents ligation/ampUfication and is thus distin- 
guished. This method was exploited to detect 200 target mol- 
ecules as well as to discriminate between normal and sickle 
/3?-globin genotypes from 10-/xl blood samples. 



DNA diagnostics uses the tools of molecular biology to 
identify nucleotide substitutions, deletions, or insertions in 
genes of medical interest (1). A reliable DNA diagnostics 
method will require faithful amplification of target sequences, 
accurate single-base discrimination, low background, and, 
ultimately, complete automation. The initial target nucleic 
acid amplification may be accomplished by using the poly- 
merase chain reaction (PGR) (2), self-sustained sequence 
replication (3), or ligase amplification reaction (4, 5). Subse- 
quently, single-base mismatches may be detected via allele- 
specific and reverse oligonucleotide hybridization (6, 7), 
denaturing gradient gel electrophoresis (8), RNase or chem- 
ical cleavage of mismatched heteroduplexes (9, 10), use of 
nucleotide analogs (11), or fluorescence PGR amplification/ 
detection (12). 

Landegren et al (13) have pioneered an oligonucleotide 
ligation assay to circumvent the need for electrophoresis or 
precise hybridization conditions. Two oligonucleotide 
probes are hybridized to denatured DNA, such that the 3' end 
of the first one is immediately adjacent to the 5' end of the 
second probe. DNA ligase can covalently link these two 
oligonucleotides, provided that the nucleotides at the junc- 
tion are perfectly base -paired to the target (4, 5, 13, 14). A 
single-nucleotide substitution can, therefore, be distin- 
guished. Use of biotin on the fu^st probe and a suitable 
nonisotopic reporter group on the second probe allows for 
product capture and detection (13) in a manner amenable to 
automation. 

Ideally, the oligonucleotides should be sufficiently long 
(20-25 nucleotides) so that each will preferentially hybridize 
to its unique position on the human genome. The specificity 
of ligation should be particularly enhanced by performing the 
reaction at or near the melting temperature (/m) of the two 
oligonucleotides. At higher temperatures a single-base mis- 
match at the junction forms not only an imperfect double 
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helix but also destabilizes hybridization of the mismatched 
oligonucleotide. 

This report describes DNA detection that uses a thermo- 
stable ligase to exquisitely discriminate between a mis- 
matched and complementary DNA helix (Fig. 1 Upper). 
Because the enzyme retains activity after multiple thermal 
cycles, the ligations may be repeated to linearly increase 
product [termed ligase detection reaction (LDR)]. Product 
may be further amplified in a ligase chain reaction (LGR) by 
using both strands of genomic DNA as targets for oligonu- 
cleotide hybridization. Two sets of ac^acent oligonucleo- 
tides, complementary to each target strand, are used. The 
ligation products from one round can become the targets for 
the next round of ligation (Fig. 1 Upper), By use of LCR, the 
amount of product can be increased in an exponential feshion 
by repeated thermal cycling. 

MATERIALS AND METHODS 

Thermostable Ligase. Plasmid libraries of Thermus aquat- 
icus strain HB8 DNA (ATGG27634) were screened for the 
ability to complement a temperature- sensitive //^ts7 deriva- 
tive of Escherichia coli [unpublished work; ref. 16]. One 
complementing plasmid (pDZl) contained a thermostable 
ligase gene as evidenced by (i) presence of a thermostable 
NAD'*'-dependent nick-closing (ligase) activity in crude ex- 
tracts when assayed at 65°G (17) and (//) DNA sequence 
analysis of the fu-st 60 codons of the putative gene revealed 
>50% amino acid identity to E. co/i ligase (18). Thermostable 
ligase was purified from E, coli cells containing the ligase 
gene cloned downstream of an inducible T7 expression 
system (19), as described elsewhere (unpublished work). 
Ligase activity was assayed .for the ability to seal nicked 
plasmid DNA (pUC4KIXX) as monitored by electrophoresis 
on 1% agarose gel. One nick-closing unit of ligase is defined 
as the amount of ligase that circularizes 0.5 fig of nicked 
pUG4KIXX DNA in 20 p\ of 20 mM Tris-HCl, pH 7.6/50 mM 
KCl/10 mM MgClj/l mM EDTA/10 mM NAD^^/IO mM 
dithiothreitol overlaid with a drop of mineral oil after 15-min 
incubation at 65**G. 

Genomic DNA, Plasmid DNA, and Oligonucleotides. Hu- 
man genomic DNA was isolated from 0.5 ml of whole blood 
as described (20). Proteinase K and RNase A were removed 
by sequential extractions with phenol, phenol/chloroform, 
chloroform, 1-butanol (twice), and nucleic acid was recov- 
ered by precipitation with ethanol. Samples were boiled for 
5 min before use in LCR assays. Plasmid DNAs containing 
the p^- and ^-globin gene alleles were a gift from D. 
Nickerson (California Institute of Technology, Pasadena, 
CA) and were digested with Tag I before use as target DNA. 
Oligonucleotides were assembled by the phosphoramidite 
method (21) on an Applied Biosy stems model 380A DNA 
synthesizer, purified by reversed-phase HPLC, and provided 



Abbreviations: PGR, polymerase chain reaction; LDR, ligase detec- 
tion reaction; LCR, ligase chain reaction. 
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by R. Kaiser and S. Horvath (California Institute of Tech- 
nology, Pasadena, CA). Oligonucleotide sequences (5-3') 
are: 101, GTCATGGTGCACCTGACTCCTGA; 102, GTT- 
TCATGGTGCACCTGACTCCTGT; 103, GTTTTTCATG- 
GTGCACCTGACTCCTGG; 104, CTGCAGTAACGGCA- 
GACTTCTCCT; 105, CTTTGCAGTAACGGCAGACTTC- 
TCCA; 106, CmTTGCAGTAACGGCAGACTTCTCCC; 
107. GGAGAAGTCTGCCGTTACTGCC; 109, CAGGAGT- 
CAGGTGCACCATGGT. (See Fig. 1.) 

^^P Labeling of Oligonucleotides. Oligonucleotides 107 or 
109 (0.1 = 15 pmol) were 5' end-labeled in 20 fil of 30 mM 
Tris HCl, pH 8.0/20 mM Tricine/10 mM MgC^/O.S mM 
EDTA/5 mM dithiothreitol/400 A*Ci of (y'^PlATP (6.000 
Ci/mM = 60 pmol ATP, New Engiland Nuclear; 1 Ci = 37 
GBq) by addition of 15 units of T4 polynucleotide kinase 
(New England Biolabs). After incubation at 37*C for 45 min, 
unlabeled ATP was added to 1 mM, and incubation was 
continued an additional 2 min at 37'*C. The reaction was 
terminated by adding 0.5 /il of 0.5 M EDTA, and the kinase 
was heat-inactivated (65'C for 10 min). Unincorporated 
label was removed by chromatography with Sephadex G-25 
preequilibrated with Tris/EDTA buffer. Specific activity 
ranged from 7 to 10 x lO' cpm/fig of oligonucleotide. 

LDR and LCR Reaction Conditioiis. For LDR reactions, 
labeled oligonucleotide (200,000 cpm = 0.28 ng = 40 fmol) 
and unlabeled diagnostic oligonucleotide (0.27 ng = 40 fmol) 
were incubated in the presence of target DNA (1 fmol = 6 x 
10* molecules of Tag I-digested or ^-globin plasmid) in 
10 fd of 20 mM Tris-HCl, pH 7.6/100 mM KQ/IO mM 
MgClz/l mM EDTA/10 mM NAD*/10 mM dithiothrcitol/4 
/Lig of salmon sperm DNA/15 nick-closing units of T. aquat- 
icus ligase and overlaid with a drop of mineral oil. Reactions 
were incubated at 94°C for 1 min followed by 65*'C for 4 min, 
and this cycle was repeated 5 or 20 times. For LCR reactions, 
unlabeled diagnostic oligonucleotide pairs (101 and 104, 102 
and 105, or 103 and 106; 40 fmol each) and adjacent pairs of 
labeled oligonucleotides (107 and 109, 40 finol each) were 



Fio, 1 . ( Upper) Diagram depicting DNA ampU- 
ficatioa/detection by using LCR. DNA is heat 
denatured, and four complementary oligonucleo- 
tides are hybridized to the target at a temperature 
near their melting temperature (65''C; tad- Thenno- 
stable ligase will covalently attach only a4jaceat 
oligonucleotides that are perfectly complementary 
to the target (Left), Products from one round of 
ligations become targets for the next round, and 
thus products increase exponentially. Oligonucleo- 
tides containing a single-base mismatch at the junc- 
tion do not ligate efficiently and, therefore, do not 
amplify product (Right). (Lower) Nucleotide se- 
quence and corresponding translated sequence of 
the oligonucleotides used in detecting /3^- and /3^- 
globin genes. Oligonucleotides 101 and 104 detect 
the target, whereas oligonucleotides 102 and 105 
detect the ^ target when ligated to labeled oUgo^ 
nucleotides 107 and 109, respectively. Oligonucle- 
otides 103 and 106 were designed to assay the 
efficiency of ligation of G-T or G-A and C-A or 
C-T mismatches when using /3^- or ^-globin gene 
targets, respectively. Oligonucleotides have calcu- 
lated tn values of 66-.70'C (15), just at or slightly 
above ligation temperature. The diagnostic oligo- 
nucleotides (101-106) contained slightly different 
length tails to facilitate discrimination of various 
products when separated on polyacrylamide dena- 
turing gel. 

incubated in the presence of ligase and target DNA (ranging 
from 100 amol to less than one molecule per tube) with 20 or 
30 cycles as described above. 

Electrophoresis. Samples (4 pi) were in 45%formamide and 
denatured by boiling for 3 min before loading (40,000 or 
80,000 cpm/lane). Electrophoresis was in 10% polyacrylam- 
ide gel containing 7 M urea in a bufTer of 100 mM Tris borate, 
pH 8.9/1 mM EDTA for 2 hr at 60-W constant power. After 
removing urea, gels were dried and autoradiographed over- 
night at -70''C on Kodak XAR-5 fihn with the aid of a Cronex 
intensifying screen (DuPont). 



RESULTS 

The gene encoding human /3-globin was selected as a model 
system to test ligation amplification and detection. The 
normal and sickle ^ genes differ by a single A -> T 
transversion that leads to a change of a glutamic acid residue 
to a valine in the hemoglobin /3 chain [Fig. 1, Lower (22)]. 
Diagnostic oligonucleotides containing the 3' nucleotide 
unique to each allele were synthesized with different-length 
5' tails (Fig. 1 Lower), Upon ligation to the invariant 
labeled adjacent oligonucleotide, the individual products 
could be distinguished when separated on a polyacrylamide 
denaturing gel and detected by autoradiography. 

Specificity of Thermostable Ligase. The specificity of Ugat- 
ing oligonucleotide pairs on a target DNA with perfect 
complementarity was directly compared with each possible 
mismatch (see Fig. 2 and Table 1). Results show that T. 
aquaticus ligase efficiently links correctly base-paired oligo- 
nucleotides and gives near zero ligation in the presence of a 
mismatch (Table 1). When only 1 fmol of target DNA was 
used under LDR conditions, the worst mismatches were 
1.5-1% (G-T, T-T), whereas other mismatches were <0.4% 
(A-A, O-T, G-A, G-A) of the products formed with com- 
plementary oligonucleotide base pairs (A-T). This is substan- 
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Fig. 2. Autoradiogram showing specificity of 7. aquaticus Ugase under LDR and LCR amplification conditions. Specificity was assayed by 
ligation of diagnostic oligonucleotides in the presence of either complementary or mismatched or ^*globin gene target DNA (LDR 
amplification). ligation of diagnostic oligonucleotides 101 (fi^ allele), 102 allele), or 103 to labeled 107 gives lengths of 45, 47, or 49 
nucleotides, respectively. For the complementary strand, ligation of diagnostic oligonucleotides 104 allele), 105 allele), or 106 to labeled 
109 gives lengths of 46, 48, or 50 nucleotides, respectively. The diagnostic oligonucleotide listed in each lane and the appropriate adjacent labeled 
oligonucleotide (40 fmol each) was incubated with target DNA (1 find = 6 x 10^ molecules of Tag I-digested p^- or /9^-|lobin plasmid), as 
described. In LCR amplification, samples contained pairs of diagnostic oligonucleotides (p^ allele-specific 101 and 104, ^allele^specific 102 
and 105, or "C-^ pair** 103 and 106), both labeled oligonucleotides (107 and 109), and were incubated with ligase and 10 amol of target DNA 
(6 X 10^ molecules; 100-fold less than for LDR) as described. Samples were loaded in groups of eight and run into the gel; then the next set 
was loaded. This accounts for the "slower"* migration of bands on the right side of the autoradiogram. (Intensifying screen was not used for this 
autoradiogram.) Bands were excised fi-om the gel and assayed for radioactivity (Table 1). 



tially better than found for mespphiUc T4 or E, coli Ugase 
when using similar radioactive detection methods (13, 14). 

In the amplification/detection (LCR) experiments, four 
oligonucleotides were incubated with ligase and 10 amol of 
target DNA (see Fig. 2 Right and Table 1 lower part). The 3' 
nucleotide of each unlabeled diagnostic oligonucleotide was 
either complementary or mismatched to the target DNA and 
yet was always complementary to its pair— i.e.,. A*T for 101 
and 104, T-A for m and 105, and G-C for 103 and 106. 



Table 1. Quantitation of complementary and mismatched LDR 
and LCR 





Oligonucleotide 


Product 


Mismatched/ 




base-target 


formed. 


complementary, 


Amplification 


base 


%* 


%t 


LDR (6 X 10® target 


A-T 


21.5 




molecules - 1 


T-A 


13.2 




fmol) 


T-A 


17.9 






A-T 


12.4 






A-A 


<0.1 


<0.4 




T-T 


0.12 


0.7 




T-T 


0.16 


1.0 




A-A 


<0.1 


<0.4 




G-T 


0.30 


1.4 




C-T 


<0.1 


<0.4 




G-A 


<0.1 


<0.4 




C-A 


<0.1 


<0.4 


LCR (6 X 10* target 


A-T, T-A 


41.4 




molecules = 10 


T-A. A-T 


10.4 




amol) 


A-A. T-T 


0.45 


1.1 




T-T, A-A 


<0.05 


<0.2 




G-T, OA 


0.51 


1.3 




G-A.C-T 


<0.05 


<0.2 



Bands from 20-cycle LDR and 30-cycle LCR experiments de- 
scribed in Fig. 2 were excised from the gek and assayed for 
radioactivity. 

^Percentage product formed = cpm in product band/cpm in starting 
oligonucleotide band. 

^Percentage mismatched/complementary = cpm in band of mis- 
matched oligonucleotide/ cpm in band of complementary oligonu- 
cleotide when using the same target DNA and indicates noise-to- 
signal ratio. 



Four-way (target independent) ligation was minimized by use 
of (0 carrier salmon sperm DNA and (ii) oligonucleotides 
designed to create single-base 3' overhangs (this work, see 
Fig. 1) or single-base 5' overhangs (not tested). Note that an 
initial "incorrect" ligation of a mismatched oligonucleotide to 
target DNA would subsequently be amplified with the same 
efficiency as a correct ligation (See Fig. 1). Nevertheless, the 
worst mismatches were 1.3% to 0.6% (G-T, C-A; A-A, T-T), 
whereas others were <0.2% (T-T, A-A; G-A. C-T) of the 
products formed with complementary basepairs (A*T, T«A). 
LCR, using thermostable ligase, is thus the only method that 
can both amplify and detect single-base mismatches with high 
signal-to-noise ratios (4, 5). 

The entire set of experiments described above was re- 
peated with a buffer containing 150 mM instead of 100 mM 
KCL Results were essentially the same as in Fig. 2 and Table 
1; mismatches for LDR ranged from 0.6% to <0.3% and for 
LCR ranged from 1.7% to <0.3% of the complementary 
products (data not shown). Thus for T. aquaticus ligase, 
discrimination between matched and mismatched oligonu- 
cleotides is not critically dependent on salt conditions, in 
contrast to the requirements for mesophilic ligases (4, 5, 13, 
14). 

Spedfidty of LCR DNA Amplification with Sub-amol Quan- 
tities oi Target DNA. The extent of LCR DNA amplification 
was determined in the presence of target DNA ranging from 
100 amol = 6 X 10^ molecules to <1 molecule per tube (Fig. 
3, Table 2). In the absence of target DNA, no background 
signal was detected when carrier salmon sperm DNA (4 fig) 
was present (compare last 8 lanes of Fig. 3). At higher taiget 
concentration, DNA amplification was essentially complete 
after 20 cycles, whereas at lower initial target concentration 
substantially more product is formed with additional ampli- 
fication cycles. After 30 cycles of LCR, 200 molecules of 
initial target DNA were amplified 1.7 x 10^ fold and thus 
could be readily detected. The average efficiency of ligation 
per cycle (40-50%, calculated as described in ref. 4) could be 
potentially enhanced by altering buffer conditions [such as 
using NH4CI, MnCl2, polyamines, or polyethylene glycols 
(17)], enzyme concentration, or thermal-cycling times and 
temperatures. 
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Fig. 3. Autoradiogram showing LCR amplification at different target concentrations. Labeled invariant oligonucleotides (107 and 109; 
200,000 cpm = 40 fmol each) and unlabeled allele oligonucleotides (101 and 104; 40 fmol each) were incubated with target DNA (ranging 
from 100 amol = 6 x 10^ molecules to <1 molecule per tube of Taq I-digested /9^-globin plasmid) and ligase as described. Samples were 
electrophoresed, get was autoradiograpbed overnight, and bands were counted as described (see Table 2). Bands of 45 and 46 nucleotides 
correspond to ligation products of the coding and complementary )9^-globin oligonucleotides. Lower-molecular-mass products correspond to 
ligation of minor species in the synthesized oligonucleotide preparations that were shorter than intended product. Samples were loaded in groups 
of eight, giving the appearance of slower migration on the ri^t of the autoradiogram. 



To test ligase discrimination between complementary and 
mismatched oligonucleotides in a direct competition assay, 
the above LCR experiment was repeated with or without 
oligonucleotides that would give G-T and C-A mismatches 
(see Table 3). At tiigher target concentrations, the mis- 
matched product ranged from 1.8% to 0.5% of the comple- 
mentary product. Mismatched product could not be detected 
vAktn using <3 amol of target DNA. As control, excess 
mismatched target DNA (fiP' instead of /3^-globin DNA at 6 
X 10^ molecules per tube) gave only 2.1% and 1.5% product. 
Thus, the signal from the correctly paired ligation products is 
50- to 500-fold higher than from mismatched products, under 
either competition or individual LCR ligation conditions. 

Detection of ^-Globin Allelefl in Human Genomic DNA. 
DNA isolated from the blood of normal (j3^/3^), carrier 
(p^^)t and sickle cell O^jS^) individuals was tested for 
allele-speciftc LCR detection. With target DNA correspond- 
ing to 10 fd of blood, and alleles could be readily 

Table 2. (Quantitation of LCR amplification 



Target Product 
molecules formed, %* Amplificationt 



6 X 10^ 134* 

2 X 10^ 96 

6 X 10* 107* 

2 X 10* 78 

6 X 10^ 85 

2 X 10* 48 5.8 X 10^ 

6 X 10* 25 1.0 X Itf 

2 X 10* 4.5 5.4 X 10^ 

6 X 10^ 2.3 9.2 X 10* 

2 X 1(P 0.36 4.3 X 10* 

6 X 10* 0.18 7.2 X 10* 

2 X 1(F 0.14 1.7 X 10* 

60 05 <0.05 



Bands from 30-cycle LCR experiment described in Fig. 3 were 
excised from gels and assayed for radioactivity. 
*Percentage product formed = cpm in product band/cpm in starting 
oligonucleotide band. 

^Amplification = no. of product molecules formed/no. of target 
molecules. 

*At higher target concentration, DNA amplification was essentially 
complete after 20 cycles; slightly imprecise excision of 30-cycle 
bands from this portion of the gel probably accounts for product 
formed values >100%. 

^Product formed from 0 to 60 target molecules was indistinguishable 
from background (see Fig. 3). 



detected by using allele-specific LCR (Fig. 4). As seen with 
plasmid-derived target DNA (see Fig. 2), efficiency of liga- 
tion (and hence detection) is somewhat less for /3^- than 
^-specific oligonucleotides. This difference may be a func- 
tion of the exact nucleotide sequence at the ligation junction 
or the particular oligonucleotides (with differing 5' tails) used 
in these LCR experiments. Nevertheless, the results show 
the feasibility of direct LCR allelic detection from blood 
samples without any need for primary PCR or self-sustained 
sequence replication amplification. 

DISCUSSION 

The specificity, yield, and sensitivity of PCR were signifi- 
cantly improved by incorporating use of a thermostable DNA 
polymerase (2), resulting in a simplified procedure that has 

Table 3. (Quantitation of LCR amplification with or without 
mismatched competitor oligonucleotide 

Complementary Complementary and mismatched 





oligonucleotides 


oligonucleotides 


Target 


Product 


Product 


Mismatched/ 


molecules 


formed, %♦ 


formed, %* 


complementary, %^ 


6 X 10^ (^) 


114* 


93 


1.0 


2 X 10' i^) 


93 


95 


1.8 


6 X 10* (^A) 


102* 


93 


0.5 


2 X 10* (^) 


90 


67 


0.5 


6 X 10^ (/JA) 


51 


46 




2 X 10* (/9A) 


31 


23 




6 X 10* (pA) 


17 


9.3 




2 X 10*^) 


8.6 


2.9 




6 X IC (pA) 


3.2 


0.8 




0 


<0.1 


<0.1 




6 X 10^ (^) 


2.1 


1.5 





One set of experiments contained 40 fmol each of fi^ allele 
oligonucleotides 101 and 104 per tube, exactly as described for Fig. 
3, whereas the second set had, in addition, 40 fmol each of oligo- 
nucleotides 103 and 106 per tube (forming G-T and C-A mismatches, 
respectively). Bands from 30-cycle LCR experiment, as described 
for Fig. 3, were excised tom the gels and assayed for radioactivity. 
•Percentage product formed = cpm in complementary product 
band/cpm in staiting oligonucleotide band. Imprecise excision of 
two bands from the gel probably accounts for product formed values 
>100% (see Table 2). 

^Percentage mismatched/complementary = cpm in bands of mis- 
matched oligonucleotide products/cpm in band of complementary 
oligonucleotide products in same lane and indicates noise-to-signal 
ratio. 
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Fig. 4. t)etection of ^rSlo^in alleles in human genomic DNA by 
autoradiogram. DNA was isolated from blood samples of normal 
09:^/9^)» carrier 09^/3^). and sickle ceU {fi^fi^ individuals as de- 
scribed. Genomic DNA (corresponding to 10 of blood or *> 6 x 10^ 
nucleated cells) was tested in two separate tubes containing labeled 
oligonucleotides (107 and 109; 200,000 cpm = 40 find each) and 
either unlabeled test oligonucleotides (101 and 104) or unlabeled 
^ test oUgonucleotides (102 and 105; 40 &n61 each). Both reaction 
mixtures were incubated under the same buffer (without sahnon 
sperm DNA), enzyine, arid cycle conditions described. Samples 
were electrophoresed, and the gel was autoradiographed overnight as 
described. Ligation products of 45 and 46 or 47 and 48 nucleotides 
indicate presence of the or ^-globin gene, respectively. Oligo, 
oligonucleotide. 

beoome widely applicable (23, 24). Sunilariy, this report 
demonstrates the utility of thennostabie ligase for allelic- 
specific gene detection under both LDR and LCR conditions; 
Both LCR and PGR amplification derive their specificity from 
the mitial hybridization of primer to target DNA. and this is 
enhanced by (/) use of oligonucleotides of sufficient length to 
be unique in the human geiiome and (ii) use of teoiperatures 
near the oligonucleotide /(q. LCR amplification faithfully de- 
tected as few as 200 initial tai^get molecules, as well as both ^ 
and ^ alleles directly from getiomic DKA. LCZR did not 
ampltfy aT-T, G-T, C-T, or C-A 3'-tenninal mismatch, as has 
been repprt^ for allele-specific PCR amplifications (25). 
Whether tX!R will tolerate internal mismatches present in viral 
variants remains to be determined (25). 

LCR amplification/detection is compatible with a primary 
amplification of genomic DNA by either PCR (2) or self- 
sustained sequence replication (3). Such a primary amplifica- 
tion could allow for LCR detection of emerging viral subpop- 
ulatibns where the nxutations are known, such as the multiple 
mutations in human immunodeficiency virus conferring resis- 
tance to 3'-azid6-3'-deoxythymidine (AZT) (26). One can also 
envisage multiplexing the primary amplification of dozens of 
loci simultaneously (27) and aliquoting products into separate 
miciiotiter wells. A subsequent round of LCR, amplification/ 
detection Could then distinguish a particular target lbci» even 
if it were initiaUy amplified only in the amol range. Such a 
multiplex PCR/LCR detection assay, with the potential for an 
automated format, could (i) rapidly screen large populations 
for monogenic disease polymorphisms, (lO distinguish several 
polymorphisms simultaneously from a single sperm to map the 
relative positions of these polymorphisms (28), and {Hi) help 
eliminate ciurent ambiguities in DNA identification of indi- 
viduals for forensic or paternity cases (29). 

The potential uses of thermostable enzymes that survive 
the temperature-cycling conditions required to denature dou- 
ble-stranded DNA are just now being tapped. With variations 
of the LCR concepts outlined above, thermostable ligaise 
could be u^ed to (i) covalently capture specific DNA'firag- 
nients to a solid matrix, with the aid of '^template oligonu- 
cleotides** (40- to 50-mers) complementary to both the frag- 
ment end as well as a second oligonucleotide attached to ^ 
solid support, (ii) covalently link PCR-generatied fragments 
(for example , protein domains or exons) in specific order, and 
(Hi) covalently link two members of a hcxamer oligonucleo- 
tide library to form specific dodecamers for directed sequenc- 
ing of cosmids and other laiige DNAs (30). 
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Thermophilic and thermostable DNA ligase was pu- 
riHed to near homogeneity from the extract of Ther- 
mus thermophilua BBS. The puriHed enzyme has an 
isoelectric point at pH 6.6 and consists of a single 
polypeptide of about 79,000 in molecular weight on 
the bases of sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis data and an equilibrium sedimentation 
method. The enzyme requires divalent cations, Mg^ 
or Mn^*^, and the optimum concentration of these ions 
being 5-9 x 10~^ m and 3-6 x 10~^ respectively. 
The enzyme also requires NAD as a cofactor. The 
apparent K„, for NAD is 1.85 x 10'^ M and that of 
(dT)io is 1.4 X 10'^ M. The pH optimum is 7.4-7.6 in 
Tris-HCl and 6.0 in collidine/HCl buffer. The joining 
reaction is activated by and NHt at a concentration 
of 2-100 mM and inhibited by Na^ above 25 mM. The 
optimum temperatures of the joining of thymidylate 
oligomers in the presence of poly (dA) as a template are 
27.5 for p(dT)8, 34.5 *C for p(dT)io, and 37 for 
p(dT)i2-i6 and that of cohesive-end DNA restriction 
fragments is 24-37 ""C. The nick-closing activity of the 
enzyme was observed over a wide range of the temper- 
ature from 15 to 85 and the optimum temperature 
is 65-72 ^C. The temperature dependency of ligation 
with HB8 DNA ligase for various substrates was found 
to shift to a region of 7-10 ""C higher than that of T4 
DNA ligase and the activity of HB8 DNA ligase de- 
creased remarkably below 4 The enzyme was stable 
for 1 week at 37 ""C, its activity dropped by 50% within 
2 days at 65 ^'C. 



DNA ligases catalyze the formation of phosphodiester link- 
ages between DNA chains. They have been isolated from a 
variety of sources. In particular the enzymes from Escherichia 
coli and T4 phage have been studied extensively (1-4). 

Recently, various enzymes from thermophilic bacteria have 
been isolated such as DNA-dependent RNA polymerase (5) 
and nuclease TTl (6) from Thermus thermophilus HB8 and 
restriction endonucleases from T. thermophilus ill (7, 8). 
These enzymes are thermostable and have high optimum 
temperatures as expected in consideration of their source. An 
attempt was thus made to find a new thermostable and 
thermophilic DNA ligase in thermophilic bacteria. It was 
worth-while to determine whether the ligation of a thermo- 
philic DNA ligase would proceed at a high temperature, con- 

* This work was performed mainly through Special Coordination 
Funds for Promoting Science and Technology from the Science and 
Technology Agency. The costs of publication of this article were 
defrayed in part by the payment of page charges. This article must 
therefore be hereby marked ''advertisement*' in accordance with 18 
U.S.C. Section 1734 solely to indicate this fact. 

% To whom correspondence should be addressed. 



sidering that individual melting temperatures of DNA frag- 
ments restricted to the optimum temperatures of ligation. 

This paper describes the purification and properties of a 
DNA ligase from T. thermophilus HB8. which was isolated in 
a nearly homogeneous form and termed HB8 DNA ligase. 
The optimum temperatures for various substrates are com- 
pared with those of T4 DNA ligase. 



EXPERIMENTAL PROCEDURES^ 
RESULTS 

Purity and Mokcuhr Weight 

Samples at each step of purification in Table I were sub- 
jected to SDS^-polyacrylamide gel electrophoresis. A single 
protein band was observed in steps 7 and 8 after staining with 
Coomassie Brilliant Blue. Although several minor bands were 
detected on the same gel after successive silver staining, the 
purity of the enzyme was considered more than 95% (Fig. 1). 
Following disc gel electrophoresis of the purified enzyme in 
7.6% nondenatured polyacrylamide gels, DNA ligase activity 
was extracted from 1-mm slices of one of these gels. The 
position of the activity coincided with that of a single protein 
band stained with Coomassie Brilliant Blue (Fig. 2). 

To check for contamination from nucleases, [5'-^P](dT)io 
without poly(dA) was incubated with the purified enzyme and 
subjected to polyacrylamide gel electrophoresis. Hydrolysis of 
the substrate in the presence of 100 times of the amount of 
the enzyme used for general assay could not be detected. 

The molecular weight of HB8 DNA ligase was determined 
on the basis of its mobility in 10 or 12.5% of SDS-polyacryl- 
amide gel electrophoresis (15) as 78,500: using the sedimen- 
tation equilibrium method (18), the natural logarithm of the 
concentration (C) of HB8 DNA ligase was plotted as a func- 
tion of the square of the distance (y^) from the center rotation 
(Fig, 3). When the partial specific volume was assumed to be 
0.73, a molecular weight of this enzyme was calculated to be 
80,400 from the slope ofdinC/dy^ in Fig. 3. From these results 
HB8 DNA ligase was considered to have a molecular weight 
about 79,000 and to consist of a single polypeptide. 

^ Portions of this paper (including "Experimental Procedures" and 
Table I) are presented in miniprint at the end of this paper. Miniprint 
is easily read with the aid of a standard magnifying glass. Pull size 
photocopies are available from the Journal of Biological Chemistry, 
9660 Rockville Pike, Bethesda, MD 20814. Request Document No, 
84M565» cite the authors, and include a check or money order for 
$3.60 per set of photocopies. Full size photocopies are also included 
in the microfilm edition of the Journal that is available from Waverly 
Press. 

' The abbreviation used is: SDS, sodium dodecyl sulfate. 
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Fic. i. SDS-poIyacrylamide gel electrophoreBis of HBd 
DNA ligase. The 10% SDS-pKiiyaerylam electrpphonfisis wias 
performed with the enzyme of each purincatiun step in Table I, The 
amount of protein fx 10*^/1 2ijo units) applied to eath slot is a^i follows: 
hU 3, ixiy HU»t i,. ^tdt S, 4.5;; slot 6, 3;2;. tftpL 1, 3-7; ifiot % 2& As 
standarid proteins (about 5 /ig each) a low molecui at weight caUbration: 
kVt (Pharmacia FirVa Chemicals) was u-^. Numer^^^ molec- 
ular we^htis in thousands, a; C^ootnessie firiUiant Blue staining; :6; 
sjlver dLuning, 



Catalytic Properties 

As shown in Table 11, HB6 DNA lig^s<j required^ NAD. as a: 
icofactor, which^ Althaugh 
ispme; enzyme activity was:6b$e]yed without -NAl t^^^^^ 
to the fact that aome of the enzyme-AMP cbmpliex irehiiaihed 
in the prigirial extract. The enzyrne : required: Mg^^ as a diva- 
ieiit catiph, but did :h6t :requu^^ such as 

dithiotJireitoI. When the substrate was pligo(dT)i :pply(dA) 
was; necessary aa a cdxnpWmentarys^ 

The ligation of HB8 iDN A: ligase had an optimum pH rairige 
of 7.4-7.feiri Tris-HCl ahd i^ optimuiti pH of 3^0 in collidine/ 
HCl buffer. The pptimurn concentration of Mgf^ was 5-9 X 
lO"* M and activity increast*d by about twice as niuch when: 
Mh?t ivvas sufo^^^^ f6r.Mg^*:ait leveU of 3:^ X JO"'* m! (Fi^^^^ 
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Fid, 2, Polyacrylamide disc gel elelctrophoriesis and HB8 
DNA ligaae activity . the purified ; HB8 DNA ligase (2.0 x Am . 
units) was electtophoresed in 7>5%.pplyacrylamide gelis and the. po:- 
sition of DNA iigase actiS'Hy was datexmiii^^Detaild^ 
described under *:Metitods". 
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FiO. 3' Eqiulibrium sediine^^ The . 

purified enzyme (()i413 >lt»/rol) in 20 mM Tris HCl, pH: 7;6» contain- 
ing 0.1 M KC\ and 0,01 M MgCk wiaisi ei(^^^^ of 
Wi2 rpin in a Hitachi 282 analytical uUtQcentrifuge using a RA- 
72TC rotor. The natural log of the; enzyme concentration {€) was; 
plotted as a function oif^the square of t^e distance from; the ;center 
of rotation. 

Table II 
Requirements- of HBS. DNA . ligase 
:Eazyine actit^tyVi^. assayed ifts^sciibed under '-M^Hod^^ 



CpmponentA 



Activity 



ilelatiye: 
iKtiyity 



Complete 


pmoi: 
^0:t 


lob 


-NAD 


4.0 




-NAD, :t:ATP': 


2.7. 
0 




-MgClj 
-DithiPtiireitpi 


6812 


0 
112 


-:Poly{dA): 


0 


0 



- NAD was replaced with ATP at the same concentration, 

;4a), A low concentration of; monovalent; cations (lwl50 mM), 
K and NHJ, naarkedly stiiritulated the jdiiiiing reaction of 
HBS DNA Ugase, but: a lowleyel (20-150 mM) of Na* inhibited 
the eha^me activity (H^ 



Thermophilic DNA Ligase 



10043 





10 0 10 20 30 40 50 
1/[(dT)io](mM-l) 




50 100 
Concentration (mM) 

Fig. 4. Effects of cations on HB8 DNA ligase activity, a, 

effects of Mg*"^ and Mn**. The enzyme was assayed at various con- 
centrations of MgClt (#) or the substitution of MnCls for MgCU (O) 
under the conditions described under "Methods", b, effects of mono- 
valent cations. The enzyme was assayed at various concentrations of 
KCl (•), NaCl (O), or NH4CI (▲) under the conditions described 
under "Methods**. 

In Fig. 5a, double reciprocal plots of initial velocities versus 
concentrations of p(dT)io are shown along with the effects of 
KCl on the kinetic parameters. for the joining of p(dT)io 
on poly(dA) was found to be 1.4 x 10'^ M. The presence of 
K"^ (50 mM) increased the Vm*, by about 5 times. for NAD 
was 1.86 X 10^® M and not affected by the presence of K**^ 
(Fig. 56). These results suggest that has no effect on the 
rate of formation of the ligase-AMP complex and stimulates 
the rate of dissociation of the enzyme-adenylate from p(dT)io 
as reported by Modrich and Lehman (20). The purified en- 
zyme retained its complete activity at 24 and 37 "C for 1 week 
and 50% of its activity at 65 *C for 2 days (Fig. 6). The enzyme 
was stable at 4 *C for several months and could be stored at 
-80'C. 

Temperature Dependency of Ligation with HBB DNA Ligase 

Joining of Various Oligonucleotides^Yig, 7 shows the rela- 
tive joining rates of thymidylate oligomers in the presence of 
poly(dA) at various temperatures with both HB8 and T4 DNA 
ligases. As in the case of T4 DNA ligase (21), the optimum 
temperature of HB8 DNA ligase varies with the length of the 
strand. The enzyme joined p(dT)s most readily at 27.5 *C, 
p(dT)io at 34 *C, and p(dT)i2.i8 at 37.5 "C. This confirms that 
the temperature optimum of HB8 DNA ligase is 7-10 'C 
higher than that of T4 DNA ligase regardless of substrate 
length. Fig. 8 shows the time course of ligation of p(dT)io at 
different temperatures (a) and ligation products at various 
temperatures (6) with HB8 DNA ligase. The optimum tem- 
perature did not change as the reaction proceeded. The liga- 
tion products at lower temperatures (22 and 30 *C) were found 
to be shorter than those at higher temperatures (40 and 45 *C). 



50 100 150 

1/[NADj(pM-^) 

Fig. 6. Kinetics of HB8 DNA ligase and effect of KCL a, 
double-reciprocal plots of initial velocities versus substrate concen- 
trations. Concentration of p(dT)io was varied (•), plus 50 mM KCl 
(O). double -reciprocal plots of initial velocities versus NAD con- 
centrations. Concentration of NAD was varied (•), plus 50 mM KCl 
(O). 
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Fig. 6. Temperature-stability of HB8 DNA ligaae. The en- 
zyme solutions were kept at 24 *C (•), 37 *C (O), and 65 *C (A) for 
several days. At arbitrary intervals, the remaining activity was mea- 
sured. 

A comparison of the joining rates of various oligomers at 
37 'C is given in Table IIL The joining rate decreased greatly 
when a thymidylate oligomer had chain length below 8. 
Among the oligomers with chain lengths of 12-18, oligo(dA) 
on poly(dT) and oligo(dG) on poly(dC) were joined at only a 
fraction of the rate that oligo(dT) was joined on poly(dA) as 
a complementary strand. Substitution of poly(rA) for 
poly(dA) as a template for p(dT)io decreased the joining rate 
to the point where it was negligible. 

Ligation of Nicked DNA — Time course and temperature 
dependency of the nick-closing activity of HB8 DNA ligase 
were investigated on form II of PM2 DNA (Fig. 9). The 
formation of form I DNA was observed over a wide range of 
temperatures from 15 to 85 *C and the optimum temperature 
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temperature (*C) 

Fit;. 7, Relati^ jommg rate af various oligp{dT) on 
poJy(dA) at different temperatures, a, p(dT)a on poly(<iA): HB8 
DNA ligase (•). T4 DNA ligase (O); 6, p(dT),o oni polyCdA): HB8 
DNA ligase T4 DNA Ugase (A); p(dT),2.u on po|y(dA): HB8 
DNA ligase (O), T4 pNA: Ugase (4), asii conditions; ire described 
under ^Methods", In the; case of :T4 DNA jigase, NAD; was: replaced 
with ATP at ihe same: coriceritratiOTt 

was 65-72 *Cy Some of the results are shpwxi in Fig. 96, 

Ligation of ReUnction Etuionuclease-cUaued DNA 
tioh of //indlll-cleaved ;XDN^^ fragrriepts \vjth 1^ DNA 
Ugase was exaiiiined at various temperatures; The ligiation 
activity was highest at: 24--37 *G. The result are shown in pnirt 
in Fig: lOo. At pptiinum temperature, HB8 DNA \\gam was 
examined for its ability to join both cohesive and bJunt-^end 
DNA fragmenU; As : shown in Fig. IQfct, cohesive- end DNA 
ftaghiehts with various restriction enzymes were easily U- 
gated; The recutting with the restriction endonuclci^es con- 
verted the respective ligation products back to tJie initial 
iength: of DNA fragments. The fact:prpV|?d thiat Hindi U 
J?c6Rt :and A//tiI sites are actudly being joined in the coh^- 
;$ivet-end ligation, respectiveiy. However, in case bit the H^tion 
of blunt *end DNA jfragments such as Hpah and Smdh. di-: 
gested :XDNA> HBS DNA ligase was unable to jpih; any one of 
tJienv (data:not:shown). 

DISGUSSION 

DNA Ugase was. purified almost homogeneousiy from the 
ceil extract of an extreme thermophile; T: therrmphilusj HB8. 
The molecular weight of the enzyme was determined to be 
about 79»{W0, Most prpcaryotic D ligases require NAD as 
a cofactPr and thiis, - HBS DNA ligase is highly specific for 
NAD; Aipart oT:the :(:rude;en3syme showed the activity :in the 
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Fig. a Ligation of ^*P-{dT)to on poly(dA) at various tem- 
peratures by HBS DNA lipase, a, time course of ligation at ^5 
<0), 36 {•), and 43 'G (A). 6, autoradiogram of reaction products at 
various temperatures on a 20% polyacrylamide gel contaming 8 m: 
Xixefi. Sht B $hows the reaction product without the enzyme and sbt 
C shows the.position of **P-(dT)\a. Detailed, conditions are described 
under ^Metbckfe^ 

Table ill 

HBS DNA iigase actUnty On deoxyribonligomers 



Enzyme .activity )?p^s: a5i^ayed as desK^rifeed under **Methods'' 



:duW>«te 


. . . IVmplate 


Acti\ityat37'C 








p(dT)» 


poly(dA) 




P(^T)io: 


poJytdA) 


306 100 


p{dT),o 


polyCrA). 


NG* NG 


p(dT)i2<,ifi 


pV)iy{dA) 


279 90 


p(dA)i«.i8 


poMdT) 


0^6 0:2 


pfdOhMS 


pob:(dG) 


1:2 0;4 



* N G, the I igatioii is :hegligible. 



absence: of NAD arid after NMN tre;Btmeiit the. en^^ re- 
quired the cpfacto^^^ A!s4>, NMN-treatitient of the enzyme in.a 
puxiAcatipn step: improved the affinity for DSJA-i»llOl0>se. 
'column; Thes€| results indicate :th of the jenxyme takes , 

ori adeny lat^ forRis in 

;a divalent cat ion, Mg^* or Mii^'*' for activity, and the enzymatic 
activity was markedly stimulated with low concentrations Of 
;mpnpvaient. catipnSi ;N;Hf and not Na'^; These properties 
are very similar to E. coU DNA Jigosc, The catai>iic properti«^ 
of the ligation of deoxyribopligonucleotides with the comple- 
mentary polymers in Table III are also similar to E, co^i DNA 
iigase rather than Ti DNA; ligaise, HB8 DNA Iigase has- a- 
large for the joining of:pCdT)jo o.nippiyCcL^^) comp^^^ with 
the!;reported Km values for similar substrates toward. £; coii 
and.T4 DNA.ligases C4). 
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Fur. 9. Agarose electrophoresis of FM2 fprna Ji I>NA; 
incubatcHi w^^ HB8 DNA lipase. a» time Cdufse of nk-k cbsinff 
activity; PM2 form 11 DNA was inciibaleii with HB8 DNA ligas*r 
(IM-X lO"" units) at m 'C: lor 2 min {^(ot 2). 5 miiv Uhi 3), 10 avi n 
U<{ot 4), 30 miri 1 ir Utot m,^ H 7), and 4 h {slot 0). Slot 

1 was incubated wit-hOMi the enzyme for T> min. Electrophoresis in a 
horizontal 0.7% agarose gel <6 X 6 X; 0.6 cm) was carried o«t at 50 V 
ipf 2 h . 7;, temperature dependency of nick -closing ac tivity: P M 2 frtim; 
il DNA (afeut P 5 DNA iijgase (1.73 x; 

10"* mtits) ot> various temperatures for min;.J?^of wae incwbaieici. 
without tlie. enzyme. Shi. C xs standard of PIM12 DNA fonn; I. il» and 
III iti a O.J7% a^iarose i^ei IHijailed coiiditip^^^^ ure, described under 
>*Method^". 

The most significant finding fo3P this enzyme was its tem- 
perature: depeiitte ncy of li gation and the thermpst^bility. Op- 
ti mum temperatures of ligation of HB$ DN A ligase oh vjariow 
substrates: were: compared: with thase of T4: DNA ligase under 
the si)me :Con^i|}Qn$; T^^^ 
ligase wajs found to shift to a i^on :i^iiD *G:hi 
of T4 DiNA ligase i'or /my substrate, optimtiin t^fimpera* 
tures^ of ligation with E. eo^i and T4 DNA ligases have been 
reported for various substrates (21. -'25) and agree with our 
data. In l972:Haryey and Wright (2 reported On the joining 
of thymidylate oUgOitiers by T4 DNA lipase and f<>r e 
oligomer len^h, there is a distinct optimum temperature et 
which joimng takes pl^ce most Te^^dilyw They :r6.und the ()pti- 
mum temperature of pWTU with po!y(dA) tO: be 17:5 *C iflnd 
thai of p(dT)i3 with ppM<iA)/?^^ the c^se of restric- 

tion enzyme-oleayed DNA» the optimum ligation tempe 
is somewhat confusing. :Dugaiczy k et ciL (22) reported that the 
optimum tempeniture for the covatisnt joining of cohesive 
termini of DNA ranges from 10 to 15 *Gin the case of K coU 
DNA: ligaiMj Thie temp^ of T4 DNA jjgaise for 

both cohe.we-' and blimt-ehd joliriiigs has be^n reported to 
be; about 2rj 'G by electron: imictoscopic :aB.»8y (2il). :Ferretti 
oncj SgnramellQ (24) have revised their previous respite and 
indicated: that joining was maximal at 4 *G and decreased 
with iticrcasin^ tenipeiratures in the manner of^s^gmoid;'|ike 
curves. The: reason for this may possibly l>e that contamina- 
tion of the ligase. preparation may have reduced tJhe extent of 
joining at low -temperatur^^^ of nicked cii^^^^ 
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Fig. 10. Agarose gei eleictrpphpnssls of 
HBd DNA ligase* 0, temperature dependency of cohefsive end liga- 
tion: //md! (Indigested XDNA was incubated with HB8 DNA Hgase 
(«146 units) at various iemperatures for :2 h. Tht» products were 
analyzed by electrophoresis. 3M H shows incubation 

withOiit the enzyme at;$7 *C. 6, ligation of various cohei>i ve :eDds and 
recuttiug by the same restf ictiort eitzymej^-. HindXtt. {nUitJH 1^ 2, and 
3) ^ Psti (iSibt/i 4, 5, and <;) - , EcoM istlqtft 7, «,;and .9) • , : atid Mlul islbts 
10, ii. and. /:2)rcl^aved XDNA was: incubated with >IB« DNA ligase 
;(1;73 uhitSi siiitsX SyA 8. 9i: iL and /2> iat 24 overnight, 67o^5 
3, 6, 9, and /2 show ^cutting: by :/fmdiUs Pdl-, tkoKh, and JW/ai^ 
endphuc leases of tbe.prpductis fbf med by ligation, Tespectiyet^^ 
ligation prbducts were iii$Qlat^d by pherioV eiti'attibh and efiiariiol 
pirecipita lion. The precipiUt<^ w«^ti^.d^ the reacttofi mixtures 

of the resipective reatriction enzymes, and mcuh^ted with the respec- 
tive enzymes (6 unit^) at 37 ■ C for 2 These products were; analyzed 
hy 0,9f^ agarose gcieilectiophpresis^ Detailed cohdiUohsare described 
ufider ^M^ihods/UO, Hgati with iHtBS: DNA Ugase; Kt** recut^^^^^^ 

DNA to closed circnla GfT4 
DN A Hga.se has been reported t^) be around 37 *C (i25). The 
Jciihing optimum, is affocted not only by individual roelfcirig 
temperatiifc^is of yaribUiS $ubs|»ates; btil by COhformatipn of 
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DNA ligase itself. Usually, the optimum temperature of a 
substrate is higher than its melting temperature. At the tem- 
perature at which the joining rate is maximal, the physical 
polyraer-oligomer complex should not be stable and in the 
presence of ligase, a stable complex formed (21). It is quite 
reasonable that HB8 DNA ligase has nick-closing activity up 
to 85 *C, considering that cells can grow from 60 to 85 'C and 
activity possibly reflects the role of the enzyme in vivo as in 
DNA replication and DNA repair. HB8 DNA ligase showed 
httle activity around 4 'C in contrast with T4 DNA ligase. 
This suggests that HB8 DNA ligase takes on an inactive 
conformation at low temperatures. 

The thermostability of HB8 DNA ligase was confirmed by 
its being stable for 1 week at 37 'C without loss of activity. 
The enzyme could be stored for several months at -20 *C and 
could withstand freezing and thawing in 20% glycerol. 

Up to now» only T4 DNA ligase has been known to be 
capable of catalyzing the joining of duplexes at fully base 
paired ends, Le. blunt-end joinings. The E. coli enzyme is 
totally inactive in this reaction (4, 26). In fact, on the basis 
of the present data, a blunt-end joining has not been shown 
to occur through the action of Iffi8 DNA ligase. It is known 
that blunt-end joinings require large amounts of enzyme, in 
contrast to that required for the joining of cohesive fragments 
(26). In our case, the enzyme concentration was not suffi- 
ciently high to detect the blunt-end ligation, being only about 
one-hundredth of that of commercially available T4 DNA 
ligase. More concentrated enzyme solutions will be necessary 
for further investigation to confirm blunt-end ligation by HBS 
DNA ligase. Recently DNA ligase preparations from rat liver 
nuclei or from E, coli have been reported to actively catalyze 
the blunt-end ligation of DNA in the presence of high con- 
centrations of various nonspecific polymers (27) and the rates 



of blunt-end and cohesive-end ligation of DNA by T4 DNA 
ligase increase greatly in the presence of macromolecules (28). 
Blunt-end ligation by HBS DNA ligase should be investigated 
under these conditions. 
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crttthyUmiiM buC<«r, pH 7.6 to c«m»va ceuUinj (y-''p|ATP. Th* 
product MS collect«d« lyophllliod ttad dis«elv«d in IP «H Tri«- 
HCl. PR 7.6 containing 1 nH EOTA. 



BXPUIHEHTAL PROCEPUItlS 

Mat«ti«l» [Y-*^P)ATP w«a puictisotd tzoa tti« Blochenlcal 

Cantar (JUMrsham. England). 01 igothymidylafca p(dT) P(dT)]^g, 
P«>rtl3«U' P<^U2-18' 12-11' poiy«lA), p»ly{<ST) and 

poIy(dCl w*r* abtalnad Ccaa Caltabotativa lt«aa«reh inc., XOHA, 
Ceos Bathasda Rasaareh Laborafcof l«a, PH2 OKA, polynucleotid* 
klnaaa, T4 DMA atid Pat I ■nden««;l«aa« (coo aoabilngaE 

Hanohain CmBK. Alkallna phoaphataia waa pUKchaaad feem Slgna 
ctmlcal CO., QiM«ai Ccoa N0cciitn9t&n Blocbeateal Co. Kind 
Itlt Htv I and Be* Ml andeiMolaaaaa Croa Takaca Shaao Zne. OVA- 
ealiuloM via obt*ln«d ftoa Nllaa Labocatociaa, Inc., sapharoa* 
C8 itom MiaCMoia Flna ChMiieala, 0BS2 and 911 froa HhatMn Ltd., 
and Cairiac an^Ucaa tot lao«l*ctcic fecoaiog «ac« products of 
uw-pcoducktti AB. PolyatlqrloiM 9>yeol (• 2ff,eie) «a« purch«««d 
troA Hakacat ClmlcaU, LTD., Kyoto. 



Hotkoda 



Pcaparatton of 5*- ^P-Labai»d Oiiqoaaia : Oaoxyollgoaaca 
war* daphosphorylatad and labalad with ^'p In tho i» position 
with poiynuelaotlda kinaaa, as daicrtbod by Hasvoy at ai (9) vltii 
■odlCi«a«lona (10). Tb«>allfeMX« vac* dapboaphoKylatad ia a 
EoactUn aiitura <20« wl) containing 2 AjCP «>ifc* oLlgoMc, 
P.l H aiMMniufli bicazbonata, pH 6.1 and 2f V9 of coli alkallna 
pOosphataaa. ACtax incubation for 2 h at IT^C, tba nixtura was 
autoclaved Coc 9 Bin at Itl^'c, 1.23<-l.3« K^/cn' to laactlvata tba 
anayw. 9ha •iatuca waa dllutod with 1 ■! off dlatillad watac and 
lyopblllsad. Tba taactlon fliistura 11. • al) eontaloing 0.71 A^^g 
unlta of f'-OM oligoaaEa, 40 oH aflMotua blcaibonata, 1« mH ngClj 
and 2 ON aparalna tfaa boilad (ot 2 bin, coolod quickly* and 0 M 
dithiotbraitol, l n»ola of h-^^PlAtP (200 mCI) and 12 ualta aC 
pelymielootldo klnaoa wtra addod to aaka up 2 al. Tba coaetlen 
■tstuca was laeubatod coc 3 b at 2V**c. Attor tteo toaction was 
ateppod by boiling for 2 «in, kk* taaetion laSBtHKa was ehargad oa 
Sapbada* G-S0 colttM (1.2 « >S ca) oqulibcatod with S0 aH 



Piapar»tion of Kiekad DKAi Hickad DMA vaa pcaparad with 
pancraatic DNaae I in the pcaaenca of a saturating anount of 
athidium bcomida accordln9 to tha mathod of Bacallai UiJ. Th* 
ccaetion aistuts (5 all eontalnad le oH Tcis, pK 8.0* 2 aH MgClj* 
1 an £DTA, 0.1 mg/al of bovloa acrun albunina, Pn2 DMA (0.5 Ajsi) 
and 3 vg of athidiua Broaida/ug of DMA. Aftaz 10 Ug of OMaaa I 
was added, the reaction nixtuea was incubated at 37^C for )0 sin. 
the reaction waa stopped by adding the aeae voluae of phenol 
saturated with 10 «H Tcis-Kl. pH «.0. Tbo sppar layax waa 
pcecipltate with cthanel. The ptecipitate waa dissolved in 10 
■H Tria-HCl, pH 7.0, containing 1 nM mTA and aarvad as nicked 
OHA. 

Pta oaration of Ksitcietlon Eadoouelease - elaavad X PWA I 
Dtgeatlon of XDMa with vacioua caatcietioa •Adooocleatas were 
dona under the conditions by the auppliaea. The digastad DHA waa 
isolated by phenol aatrsetlen and etbanol precipitation. 

Aasav tor DHA Lioasa i OKA llgssa was ssaarod by tbs nstbod 
of Raaa at al (12) with aedif ieatlens. The reaction aiiture (4ff 
ul) contained S0 aH Tris-BCl, pM 7.6. «.< aN HgCl,. t.< 
ditbiothraltol, »< pH RAD. 400 pMla poly(dA», 400 pa»la (»<- 
"p}(dT)^f (coacaotcatlan in total phosphate) and the enxyae. 
After incubation at 37^C for 30 ntn, the reaction was tarnlnated 
by heating at 100^C for 3 ain. To the reaction aiiture S vX of 
alkallaa phoaphataao (0.10 uoifcs) ware added and the oiiture waa 
incubated at CS^C Cor 30 ain. ACter the addition ef SB (il o< 
carrier DHA (2 ag/al), the aixtuce waa spotted on a Whataan 6P/r 
glaaa fiber disk (2.4 ca diasatar) and the dlek waa waahed In 
cold Si CCljCOOH contalolag 1% MaPPi for 20 ain twice, 
aueeeodingly in cold SI CCI3COOH Coc 20 ain twice, in cold 
athanel and dried in ether. The radioactivity of the aeid- 
Inaolubla vatarlala on the dlak waa counted In toloene aclnti 1 lator . 
One unit of the antyaa la defined aa being equlTalanc to 1 nnol 
of "pi raaiataot to alkaline phoaphataae under stsndard aaaay 
conditions. One unit of a^ob ^* quantity of protein which 
baa an abaorbanee off 1.0 when dieaelved in 1 al of buffer A and 
aeasursd (n a 1 ea light path st 280 oa. 
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*««*y tot Mtek-elMlnq activity ? Por nlek-cloitng activity. 
}■ 111 of r»«ctien nlitttlM CPOtalninQ 2R bm Tiia-HCl, pK T.S, Iff 
on tiqCl^t I' ditlli«thi«itol, i.C M NikO, e«. 9.3$ U9 of nick«d 
Dlift Cfo» Xt ni2 DMA) ind a.S ul of pUKlfiad Ut DMA llgaM Mr* 
incubatad at vacioua taapcratucat. Th* reaction waa t«»laat«d 
by the addition of IS vl of atop solution eoasistad of 2f laM 
EOTA, (ff% aucioaa and 9.11% broaiphftnol blaa and tha aaopla wat 
applied to • 0.7« ms»xom* alub gel. 

Coh«aiv-«Bd and aiuBt«end LioAtlon of DMA rraqaanta t DMA 
ligaae activity Mae aUo aaaaywd foe it* ability to iigata 
eoh«aiv9> and blont-and DMA fravMmCa with taatcictlon 
•ndonuolaaaos. Pec ligation 3t ul caaetieo miaturaa 

eentainiag 20 aH Trio-«Cl, pH 7.4, td an ngClj* 1« M 
dithlothc«ital« «.« fflK »AD, *.S itg of roatrlctioo •DdOQocleaa*- 
di9«ated XOVA, and 1-2 yl of purified HBI DMA liffaaa ware 
incubated at 34^c overnight. Tbe ceaction naj terainatod by the 
addition of IS gl atop aeltttion cenaiited of i9 aM toTA, Aft 
BUCEOao and S.Oll bcoaplMaol bluv and tbo SMplea ware applied to 
• 0.91 agareaa aUb gel. 

Mpodepatpqc|li\q Polvacrviaaidw C ol Bloctiophofaala ; 
llactcophocoals waa carried out in 7.51 acrylaalde gala at pH l.t 
a a daacribad by Or • tain (II) and Oavia (141. Tha purifiad DMA 
Ligaae |}.9 »!} «m8 loaded on gola x 11.4 ca> with 

bfOBphanel blue. ACtet alectcoplMKeaia (at ( eA/toba fee A h) « 
OM gel wad atalned wltb CooMaai* beiiltaat blue. The other gel 
waa cut into 1 alicea eo as to eatraci Che ensyne with 300 lil 
of buffet A. The oha llgaa* activity waa aeaeiirad with 10 til ot 
the attract for 4 h at 17«C. 

»08-Poly«crylaaide C a l Ilectropharaaia i SDf-7. 5% 
polyacrylaeida gal aleetrepharaaia was carried oat by the awtbod 
of Wabar and Oaborn (IS) wltb a cooatant currant of 2S OkA/alab 
(14 t 16 a 0.15 ea) at cooa teeperature (or 5 h. The gel waa 
atataed firat with Cooaasala brilliant bine and daataloed in 404 
aethanel/t0% acetic acid to allvec with a Ble-Kad ailvac ataln 
kit (ucceedingly. The aarkar ptotelna uaed war* phoaphetylaae b 
(Nc-94,0001, albualn (Nr*S7,00«) ovalboain (Mc«43«0fl0), 
eacbooicanhydreae {Nx«U,000|, tcypain inbibiker (H>-20,100) and 
o-lactalbaaio (Nr*I4«40«). 

lis OKea-»elyaeK»leaide Gel llectrcohoceaLe t The Reaction 
pxodttcta o( [S*-''p)(dT}i, with poly(dA) ware aBalyiad by 
electrophoraeia la Tz ia*borate>K}TA, pH t.l, on 29% 
polyaerytaaida ooataioingO n urea (IC). The aaaplas containing 
0 M uree and 0.01 I of lylena cyanol and broepbonel blue wee* 
loaded oa e vertlcel slab gal |1« i 14 t t.lS oa) at 40tV Cot > 
b. After the elect ropbetaaia, the gal waa autecadiogtaphed on a 
Kedak-o-Mat BPI4 tila at -89^C. 

A gagoae Cel tlaettopfaoraaie t rbo ligation product* of DMA 
Ctagnente with reattictlon andonueleaaaa or th« product* of 
nicked DMA were analysed by agacoae.gel electcephorealo. Th« 
electropbOEoaia waa carriad out in Tria-Acetlc Bcid>U>TA. pH 0.O« 
containing ethidiua brooide (S ng/al) on t.7% ot 0.91 agaroa* 
vertical alaba (14 a 14 a 0.1} ca| at 40 oA for 3 b (L7). The 
gela were photographed qndec OV ligbt. 

»orifteatien e£ ggA ligaae 

All preceducee were carried oot at 4^C. 

Preparation of tha Crude Extract T^ theroophilaa MB4 

(-ATCC 37434) was kindly donated by Dt . 1. Oehiaa of Tokyo 
inatitttte of Tecbaology. The cells were grom at 75°C in a aediua 
of 0.0% polypepkene (Kyokato Seiyaku Co., Oaaka) , 0.4% yeaet 
eatract (Difee tabosatoriee, Detroit}, 0.21 HaCl and 0.0S% basal 
eleBanta (pH 7.0) (19), and harvested at the logarlthnic phaa* 
(ca. 2 K 10'/hl). The froaan cells (1.4 Kg) were aixad with 7 
litexa of 4.03 If Tria-HCl, pH 7.4, containing 1 an 3- 
aeteapteetbanol end 0.1 nN IDTA with a Naring blender. The 
aittttre wa* further hoaogeniaad with a pyae-aill (Type KOL, Willy 
A. Baebotan Han iifac tilting Bngineera. Switserlend) containing 0,1 
na glass beada and canteifvged at 9,000 rpa for IS sin. The 
aupernataftt waa mmzvd aa a crvde extcact. 

gtraotonrygin and ^pwioniuw sultata rractionation To the 

crtida extract, * S% streptoayeln eolutloa was added to nake final 
concentration at 1%. rhe alxture vaa centrlfugad at 9.S0f rpa 
for 34 aio and to the aupaxnatant, aolio anaoniua oulfatt was 
added to S0% seturatioa. After cant^rifuglng the supernatant at 
9,000 rpa for IS aio, the raaultlng precipitate was dlaaolvad in 
10 aa KH2PO4 -MajMPO^. pH 7.4, containing 4.1 n KCl and 30% 
glycerol and dialyaed against th* eaa* burc*t. 



yhoaphocelluloa* {PlD Coluno chroearography The dialyaed 

aolution, 1.4 litera, was applied Co * Pll coluan (0.4 x 64 ca) 
equilibrated with the above beffar. After tb* eoluao was washed 
with 4.4 liters of tbe saa* baCfer, the elution was pertocaed 
witb a linaar KCl gradient (0.1 n to 0.5 N) In S litere of the 
pbospbate buffet, eoxyne activity waa detected in tha region of 
4.1S-0.21 H KCl concentration and tha artiva ftaotions (2) 
al/fractlen) ware coabined. The coadblnsd aolution (1 liter) waa 
placed in Vlsking celloloae tubing and laaecsed In 3 litera of 
30% polyethylene glycol (I 2^000) diiaolYed in 2» aN Trie-HCl, 
pH 7.4, containing 0.1 H CCl and 39% glycerol (bufer K) , When 
tha wolupw of tha eoxyne solution inaida of the dialyxis tubinq 
waa ceduced to about 140 al, the dialyala buffet was changed to 
buffer A. IMleea otherwiae ootad, «be eniyae solutioa waa 
eooeantrated with tbis flacbod through th* following purification 
proeaduras. 

OCAK^celluloee (D8S2) CoIbiw* Ch teas tog raphv The 

concentrated anayaa aolatioa (B7 al) wa* further dialyaed against 
buffer A and applied to a DBS3 coluan (3.4 x 41 cw) equilibrated 
with the aaae buffer. Th* anxyne paasad laaedlataly froa tha 
coluan, without adsorbing at all to The Cractlona were 

then conbined (344 al) sod concentrated In the aaaoec indicated 
above. 

DMA-ceilulooe C oloen Chroaatoqraphy —— To the concentrated 
anayaa aolution (28 al) , NNN and HgClj ware added to a final 
concent rat ieoa of 7 an and 5 aN reapaetively. The niwtura waa 
kept at 3S^C for 30 ain to releaaa AltF Croa the enayac^adanylat* 
eoaplea. After stopping the reaction by the addition of 10 nK 
BDTA, th* aixtuE* was dielyscd agalnat buffer A. The dialysat* 
was divided Into 4 part* and applied to a DHA-cellulose coluan 
(1.3 X 4 ca) eguilibrated with buffer A containing 10 an fVjQX^, 
Soam of the activity appeared as a aaall peak situated behind 
tbet of the aain protaia of the break through ftactlona and the 
BO*t of th* enayae had been elated witb B.35 m icl in buffer A. 
The coabiaed active fraetiona were concentrated to 23 al. 

gepharose 4P Column Cb r one tog r apby Tha concentrated 

enayae aolution waa divided into two fractions and tpplied to a 
Sepharoe* fB coluan (1.0 k 124 cal aqai libra tad witb buffar A. 
rractlena of 40 dropa aaeh w*r* coll*et*d and aniyn* activity wee 
detected between fractions 110 and ii4. The active (ractlona 
ware conbined and cencanccated. 

laoelectrie Focoajpg Coluao Chroaatoqraphy On the 

eaneantratad Anaya* eolution |14.t al), iaoolectcic focuaing 
coluan cbsoaatography (40 al) wa* c*rti*d out at pH 5-7 with 
Aaphelia* at a final concentration of 2% at 3«0V for 42 h. Th* 
onxya* activity appeared around pH 4.6. 

The concentrated eniyae soletion (7.S al) was once aore 
applied to the Be^aroe* GB coluan to renove any reaaining 
Aapholite. Tha active fraetiona were collected, concentrated and 
need aa a purified HB4 DMA ligas*. The overall purification ia 
auoaarised in Table I. In purification steps 1 and 2, no ONH 
ligaee activity could be detected, becauae of contani nation (roa 
nucleases and phesphoaoooeatoraaes. Th* final yield of the 
purified DHA llgaa* had 14% of the activity in aCap 3. 



Pexlfleation of BbB MW 119*** fees Theraaa th era ua blli 
Bisyae activity was aaaayed a« deacrlbed ondar "Method". 
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A Ligase-Mediated Gene Detection Technique 

Ulf Landegren, Robert Kaiser, Jane Sanders^ Leroy Hood 

An assay for the presence of given DNA sequences has been developed, based on the 
ability of two oligonucleotides to anneal immediately adjacent to each other on a 
complementary target DNA molecule. The two oligonucleotides arc then joined 
covalently by the action of a DNA ligase, provided that the nucleotides at the junction 
are correctly base-paired* Thus single nucleotide substitutions can be distinguished. 
This strategy permits the rapid and standardized identification of single-copy gene 
sequences in genomic DNA. 



DNA ANALYSIS IS ATTAINING IN- 
creasing importance for the diag- 
nosis of disease caused by single- 
gcnc defects as well as for the dcteaion of 
infectious organisms {1). Moreover, a nvim- 
bcr of genes, predominantly those encoded 
in the major histocompatibility complex, 
have been found to be associated with an 
increased susceptibility to a variety of dis- 
ease states (2). Of a total of approximately 
2000 defined human genetic loci (3), ap- 
proximately 100 ha\x currcndy been studied 
at the DNA level for their role in genetic 
disease (4) . A number of gencdc diseases are 
caused by alleles present in the population at 
relatively high frequencies, perhaps because 
of selective advantages to the heterozygous 
carriers (5). The ongoing characterization of 
disease-causing or disease-associated gene 
sequences makes large-scale screening for 
carrier status and genetic counseling- a possi- 
bility. It may also sharpen the diagnostic 
accuracy for diseases such as autoimmune 
conditions where the susceptibility may be 
influenced by defined alleles. Such prospects 
are currcndy limited by the cumbersome 



nature of the available DNA detection meth- 
ods. 

A majority of polymorphisms in the hu- 
man genome arc caused by point mutations 
diat involve one or a few nucleotides. Cur- 
rent DNA analysis procedures capable of 
deteaing the substitution of a single nucleo- 
tide are based on differential dcnaturation of 
mismatched probes as in allelc-specific oli- 
gonucleotide hybridization (6) or denatur- 
ing gradient gel electrophoresis (7). Alterna- 
tively, the sequence of interest can be inves- 
tigated for polymorphisms that affect the 
recognition by a restriction enzyme (8) or 
that will allow ribonudeasc A (RNase A) to 
cleave at mismatched nucleotides of an RNA 
probe hybridized to a target DNA molecule 
(9). Although denaturing gradient gel or 
RNase A can survey long stretches of DNA 
for mismatched nucleotides, they are esti- 
mated to detect only about half of ali muta- 
tions that involve single nucleotides (7, 9). 
Similarly, less than half of all point muta- 
tions give rise to gain or loss of a restriction 
enzyme cleavage site (10). The only existing 
technique capable of identifying any single 



nucleotide difference, short of DNA se- 
quence analysis, is allelc-specific oligonucle- 
otide hybridization. This technique invoh^cs 
immobilizing separated {6) or enz}'mancaUy 
amplified {11) firagments of target DNA, 
hybridizing with oligonucleotide probes, 
and washing under carefully controlled con- 
ditions to discriminate single nucleotide 
mismatches. 

We have devised a strategy that permits 
the facile distinction of known sequence 
variants differing by as littic as a single 
nucleotide. The approach combines the abil- 
ity of oligonucleotides to hybridize to the 
sequence of interest and the potential of a 
DNA-specific enzynie, T4 DNA ligase, to 
distinguish mismatched nucleotides in a 
DNA double helix (Fig. 1). Two oligonu- 
cleotide probes are permitted to hybridize to 
the denatured target DNA such that the 3' 
end of one oligonucleotide is immediately 
adjacent to the 5' end of the other. The 
ligase can then join the two juxtaposed 
oligonucleotides by the formation of a phos- 
phodicster bond, provided that the nucleo- 
tides at the junction arc correctly base-paired 
with the target strand. The ligation event 
thus positively identifies sequences comple- 
mentary to the two oligonucleotides. A het- 
erozygous sample is thercfi^rc scored as posi- 
tive for both alleles. The joining of the 
oligonucleotides may be convcnicntiy dem- 
onstrated, for instance, by labeling one of 
the oligonucleotides with biorin and the 
other one with ^^P. After the ligation reac- 
tion, the biotinylated oligonucleotides are 
allowed to bind to streptavidin immobilized 
on a solid support. Radioactive oligonucleo- 
tides that have become ligated to biotinylat- 
ed oligonucleotides remain on the support 
after washing and arc dctcacd by autoradi- 
ography. 

The gene encoding human p globin was 
selected as a model system to test the tech- 
nique. There are two relatively frequent 
alleles, and p^, each differing firom the 
normal allele, p^, by a single nucleotide 
substitution in positions 2 and 1, respective- 
ly, of codon six (Figs. 2 and 3) {12). Sub- 
jects homozygous for the allele suflfcr 
from sickle cell anemia. Moreover an in- 
creased risk of sudden death during exertion 
has been observed among individuals het- 
erozygous for p^ {13), 

The ligase-mediated gene detection pro- 
cedure was used to distinguish p"^ and p^ 
genes in equivalent amounts of DNA pre- 
sent in cells, in cloned DNA, and in genomic 
DNA (Fig. 2). One of two synthetic oligo- 
nucleotides (B131 or B132), specific for 
each of the alleles, was used in conjunction 
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with another oligonuclcoctde (PI 33) hy- 
bridiung immediately 3' to either of the 
other two oligonucleotides on the target 
DNA strand. All of the synthetic oligomers 
used in this study are 20 nucleotides long. 
The ability of T4 DNA ligase to join the 
variable, 3' nucleotide of the allclc-spccific 
oligonucleotides to the 5' terminus of the 
invariant oligonucleotide was assessed by 
capturing any ligatcd produa on streptavi- 
din-agarose beads. The beads were filtered 
and washed to remove unbound oligonucle- 
otides, and then the filter with trapped 
beads was exposed to x-ray film. The 10^ 
nucleated cells used for one assay were ob- 
tained from —0.5 ml of blood. The ccll.s 
were used in the assay without DNA purifi- 
cation, by first making the DNA accessible 
for the ligasc-mediated analysis by sequen- 
tial additions of a nonionic detergent (Tri- 
ton X-100) and a protease (trypsin). The 
DNA was denatured with alkali and then 
soybean trypsin inhibitor was added to pre- 
vent proteolysis of the added ligase. 

The described ligation reactions were per- 
formed at 37*C, —25 K below the melting 
temperature of the hybridized oligonucleo- 
tides, permiaing the use of standardized 
assay conditions independent of the particu- 
lar sequence investigated. The observed 
specificity is a consequence of the require- 
ment for the simultaneous hybridization of 
both oligonucleotides in a precisely juxta- 
posed position. Although both oligonucleo- 
tides are likely to hybridize to numerous 
sequences in the DNA sample, they are 
unlikely to do so in the appropriate hcad-to- 
tail fashion except where the proper target 
sequence is present. In addition, we have 
found that the ligation reaction requires that 
the two terminal nucleotides on cither side 
of the junction of the two oligonucleotides 
be engaged in correct base-pairing. This 
requirement further suppresses incorrect li- 
gation events. 

To determine whether any type of single 
nucleotide mismatch could be distinguished 
from correct base- pairing with the present 
method, wc used four synthetic target mole- 
cules representing a segment of the p-globin 
gene, each with a different nucleotide in the 
first position of the sbcth codon. Two of the 
sequences are derived from the and p^ 
alleles of the p-globin gene. The other two 
sequences represent the other possible nu- 
cleotides occupying the variant position. 
Four pairs of oligonucleotides were de- 
signed to specifically identify one of the 
target molecules. Four oligonucleotide 
probes, each with a different nucleotide in 
the 3' terminal position and complementary 
to one of the target molecxiles, were sepa- 
rately assayed for their ability to be ligated 
to an invariant oligonucleotide chat hybrid- 
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Fig. 1. A diagram depicting gene detection through the ligation of hybridized oligonucleotide probes. 
Target DNA is denatured and mixed with oligonucleotides and ligase. The Ugase joins pairs of 
oligonucleotides annealed head to tail if they are correctly base-paired at the junction. Radioactively 
labeled oligonucleotides {*) arc immobilized and detected by autoradiography only if ligatcd to 
biodnylated oligonucleotides (fi) that can be bound to streptavidin on a solid support. 

a 

MetValHLsLeuThrProCl uGluLysSerAlaValThr 
B131 (0^) 5' B ATGGTGCACCTGACTCCTCA pGGAGAAGTCTGCCGTTACTG 3* P133 

B132 (B^) 5' B T 

Va 1 

Fig. 2. (a) Nucleotide sequence and correspond- U 
ing translarcd sctjucnce of the oligonudcoddes 
used in the analysis described in (b). (b) Analysis 
for the presence of the globin or p allele in 
samples containing equal numbers of copies of B 1 3 1 
globin alleles present in nucleated cells, in cloned 
DNA, and in genomic DNA. Two x 10* linear- 
ized plasmid molecules containing the or B 1 32 
allele of the human globin genes were added to 
individual microtiter wells containing 10 |j.g of 
salmon sperm DNA in 4 jd of water (19). The 
microtiter plates were centrifugcd and the supcr- 
natants removed. To the rcsuspcndcd cell pellet was added 1 \l\ of 10% Triton X-100 and 1 pJ of trypsin 
at 2 pig/M-1. The samples were incubated at ST'C for 30 min and were denatured with alkali as above. The 
pH was neutralized and 1 jd of soybean trypsin inhibitor (Sigma, 10 jig/p-l) was added. Each well 
received 140 Imol of biotinylatcd oligonudeoddcs BL31 or fil32 (20) » specific for the globin ^^ and 
genes, respectively, and 1.4 fmol of oligonudcotidc P133, 5' end*hbded with [7-"?]adenosine 
triphosphate (ATP) and polynudeotidc kmasc to a specific activity of 5 x 10* Gcrenkov cpm/^g and 
purified over a Nensorb column (Du Pont Biotechnology Systems) . T4 DNA li^se (0.05 Weiss unit. 
Collaborative Research) was added in 2 >i,l of 5x ligase buffer to a final volume of 10 containing 50 
mM tris-HCl (pH 7.5), 10 mAf MgCl2, ISO mM NaCl (induding 50 mM added during denaturation), 
1 mM spermidine, 1 mM ATP, 5 mM dithiothreitol, and 100 ng of bovine scrum albumin per 
microliter. The reagents were mixed by briefly centriluging the microtiter plates before incubating at 
3rC and 100% humidity for 5 hours. The ligatcd oligonucleotides were denatured by the addition of 1 
fii of 1. IM NaOH and incubated for 10 min at 37*C. After the incubation, 1 p-l of I . IM HQ and 2 pJ 
of 10% SDS were added. Three microliters of a 15% (v/v) suspension of streptavidin -coated agarose 
beads (Bcthesda Research Laboratories) was then added, and the plate was incubated on a shaking 
platform at room temperature for 5 min. The contents of the wells were transferred to a dot blot 
manifold (Schleicher and SchucU) with a Whatman filter paper no. 4. In order to reduce nonspecific 
binding of the labeled oligonudeotides, the filter papers had been boiled and the beads diluted in 0.5% 
(v/v) dry nonfat milk, 1% SDS, and salmon sperm DNA (100 M-g^ml). The beads (21) were washed 
under suction in the manifold with 3 ml of 1% SDS and 1 ml of O.IMNaOH per sample, with a 96-tip 
dispenser (Vaccu-pene/96, Culture Tek). The filters were wrapped in plastic wrap and autoradio- 
graphcd for 3 days at -70^ with one enhancing screen (Du Pont). 
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izcd immcdiatcl)' 3' to the first oligonucleo- 
tide. These reagents permit studying the 
effect on ligation by any of the 16 possible 
base pairs, the 4 correct Watson-Crick pairs 
and 12 mismatched pairs, in an invariant 
sequence context. Under the appropriate 
condidons, only nucleotides engaged in cor- 
rea base-pairing were efficichdy joined by 
ligadon (Fig. 3). Parameters that affected 
the nucleotide specificity were the salt con- 
centradon and the amount of enzyme added 
icladvc to the DNA concentration. Higher 
salt concentration and lesser amounts of en- 
zyme than rfiose found to be optimal for 
discrimination resulted in loss of signal. TTic 
above experiment cannot exclude the possibil- 
ity that die identification of mismatdied nu- 
cleotides may be influenced by the surround- 
ing sequence, although we have not yet en- 
countered any evidence for such cffixts. 

Although autoradiographic techniques 
are relatK'ely simple to implement, a gene 
detection assay based on the use of fluores- 
cent rather than radioaaive probes would 
have the advantages of safe handling, more 
stable reagents, and rapid access to the re- 
sults, and would allow for multicolor analy- 
sis by using fluorophorcs with different 
emission spectra. In general, conventional 
organic fluorophores arc less sensitive labels 
than ^^P, Thus we increased the amount of 
target DNA before the detection assay with 
the polymerase chain reaaion (14), With 



this procedure a segment of DNA can be 
exponentially amplified by repeated c)'cles of 
enzymatic synthesis of new strands from 
two oligonucleodde primers, one with a 
sequence derived upstream and the other in 
the opposite orientation downstream of the 
segment of interest. Genomic DNA was 
obtained from three human cell lines, 
MOLT-4, which is homozygous for the p^- 
globin allele; SC-1, homozygous for the 
allele; and GM2064, in which the p-globin 
locus has been deleted (15). The appropriate 
segment of the p-globin gene was amplified 
in 25 cycles from 1 ^g of genomic DNA 
from each cell line. We used 3-^1 aliquots, 
equivalent to 24 ng of genomic DNA for 
the assay. Two oligonucleotides, specific for 
the P"^ and p^ alleles and differentially 5'- 
labeled with one of two fluorophores, were 
present at equal concentrations. The amount 
of each of these oligonucleotides that be- 
came ligated to a third oligonucleotide hy- 
bridizing downstream of the other two was 
determined by separating the reaction prod- 
ucts on an 8% polyacrylamidc gel and ana- 
lyzing the band migrating as a 40-nucleotide 
oligomer (the size of two ligated oligonucle- 
otides) for the relative contribution by the 
two different fluorophores [model 370A 
DNA sequencer, Applied Biosystems, Fos- 
ter Cic)', California (16)]. No signal was 
observed when the p-globin gene had been 
deleted in the cell from which the DNA was 



B128 (0'^) 5' B CATCGTGCACCTCACTCCTG pACGAGAACTCTGCCGTTACT 3' P129 

B134 (B^) 5' B A 

B136 5' B T 

BI37 5' B -r C 



172 (bA) 3* 

138 (6^) 3* 

139 3' 
lAO 3* 



GTACCACGTGGACTGAGGACTCCTCTTCAGACGGCAATGA 5 ' 
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Rg. 3, (a) Nucleotide .sequence of the oligonudc- 
oddes used in the analysis described in (b). (b) 
Correct idcntificadon of four target molecules, 
differing by singlc-nuclcotidc substitudons in one 
position. Letters refer to the variable nuctcoddcs 
in the probe and target sequences. As target 
molecules, 40-nucleodde oligomers, dcnvcd from 
the p-globin gene sequence, were synthesized. 
The oligonudcoddcs 172, 138, 139, and 140 are 
of identical sequence except in a central position 
where each target molecule includes a different 
audeodde. Four 20-nuctcotide biotinylatcd 
oligomer, B128, BI34, B136, and B137, differ- 
ing only in their 3' nucleotide posirion, were 
designed to hybridize to the 3' half of the target 
molecules such that the variant position of the 
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probe reagents corresponds to that of the target molecules. Bach of the biotinyiated oligonucleotides 
was used in conjunaion with oligonucleotide P129, 5' cnd-labclcd with ^'P and hybridizing 
imnKdiatcly 3' to the biotinylatcd probes on the target strands. The assays were performed essentially as 
described in the legend to Fig. 2, but 2 x 10* copies of one of the target molecules were added to each 
well with 10 ^g of salmon sperm DNA. Each well further received one of the biotinylatcd 
oligonucleotides together with oligonucleotide P129. The final NaCl and ligase concentrations were 
varied as indicated. 



obtained, whereas only the correct fluoro- 
phore-labeled oligonucleotide was ligated 
when the cells harbored the P'^ or alleles 




20 30 40 

Length in nucleotides 

Fig. 4. Demonstration of the presence of the 
and p* alleles of the p-globin gene in amplified 
genomic DNA by probes labeled with fluorescent 
dyes. A 120-bp segment of the p-globin gene was 
amplified with the polymerase chain reaction as 
described (1^ in 25 cycles starring with 1 fig of 
genomic DNA from the cell lines MOLT-4, SC- 
1, and GM2064 (P^^, ps/s, and p^, respective- 
ly) in 100 pA. Three microliters of each amplified 
sample was added to an £ppcndorf tube, dena- 
tured by alkali, neutralized, and incubated with 
14 frnol each of oligonucleotide ISl labeled with 
carboxy-fiuoresccin (Molecular Probes) (CF131) 

( ) and oligonucleotide 132 labeled with 

carboxy-2' ,7' - dimcthoxy-4',6' - dichlorofluorcsccin 

(CD 132) ( ), and 14 finol of nonradioacti- 

vely 5' phosphorylatcd oligonucleotide PI 33 (for 
sequences, see Fig. 2). The reaction conditions 
were essentially as described in Fig. 2, but 0.5 
Weiss unit of T4 DNA Ugasc was added to each 
assay. Ai the end of the 3-hour incubation, the 
samples were ethanol precipitated, taken up in 
50% formamide, and loaded on a sequencing gd 
in an ABI 370A automated DNA sequencer. The 
fluorescence signal was processed to distinguish 
the partially overlapping emission spectra of the 
two fluorophores and to determine the relative 
contribution of each fluorophorc to the signal. 



16 AUGUST 1988 



REPORTS 1079 



Reproduced with pernnission of the copyright owner. Further reproduction prohibited without permission. 



(Fig. 4). This strategy could be generalized 
to the simultaneous analysb of several loci. 
For each set of two labeled, allele-specific 
oligonucleotides and one unlabeled, the lat- 
ter is given a nonhybridizing 3' sequence 
extension of a unique length. This results in 
different migration rates for the ligation 
products, charaacristic of each locus. 

In contrast to gene detection techniques 
based on immobilizing the target DNA, 
such as DNA blots, the hybridization re- 
ported here was performed in solution and 
in a small volume, which reduced the time 
required for hybridization {17). it also obvi- 
ated the step of immobilizihg the tatget 
DNA. Both ligation and binding of the 
biotinylatcd oligonucleotides arc cfficiait 
and rapid steps that should permit quantita- 
tive detection of target molecules. In gener- 
al, there are three rate-limiting steps in gene 
detection techniques. The first is sample 
preparation, whidi can be greatly simplified 
as demonstrated here. The second is the 
time required for the probes to anneal to the 
target sequence. This is a funaion of the 
concentration of the probe and can be re- 
duced considerably. The third and most 
time-consuming step in the present tech- 
nique is signal detection by autoradiogra* 
phy. A sufficiently sensitive fluorescent de- 
tection method {18) should drastically re- 
duce this time, permitting the development 
of a rapid, automated gene detection proce- 
dure. 

REFERENCES AND NOTES 

1. C. T. Caskcy, Sdence 236, 1223 (1987). 

2. A. Svcjgaard etal., Immunol. Rtv. 70, 193 (1983); J. 
L. Tiwiri and P. I. Tcrasaki, ULA and Disease 
Associations (5pringcr-Vcriag, New York, 1985). 

3. V. A. McKusick, Mnidelian Inheritance in Man (Johns 
Hopkim Univ. Press, Baltimore, ed. 7, 1986). 

4. D. N. Cooper and J. Schmidtkc, Laticet i, 273 
(1987). 

5. t I. Roctcr and J. M. Diamond, Nature 329, 2S9 
(1987). 

6. B. J. Conner eta!., Proc. Natl. Acad. Sci. U.S.A. 80, 
278 (1983); N, M. Whitclcy, M. W. HunkapiUcr, 
A. N. Glazer, European Patent applicati<m 0 185 
494 A2 (1986). 

7. R. M. Myers rt a/,. Nature 313, 495 (1985), 

8. R. F. Gccxer et at., Pror. Nail. Acad. Set. U.S.A. 78, 
5081 (1987). 

9. R. M. Myers, Z. Larin, T. Maniatis, Science 230, 
1242 (1985); E. Winter, F. Yaniamoto, C. Almo- 
gucra, M. Pcrucho, Proc. Natl Acad. Sci. U.S.A. 82, 
757S (1985). 

10. T. HunkapiJicr, personal communicadon. 
n, R. K. Saiki, T. L. Bugawan, G. T. Horn, K. B. 
MuUis, H. A ErUch, Nature 324, 163 (1986). 

12. R. M. Winslow and W. F. Anderson, in The Metabol- 
ic Basis of Inheritance, J. B. Stanbury, J. B. Wyngaar- 
den, D. S. Fredricksoii, J. L. Goldstein, M. S. 
Brown, Eds. (McGraw-Hill, New York, 1983), pp. 
1666-1710. 

13. J. A. Kark, D. M. Poscv. H. R. Scliuinachcr, C. J, 
Ruchle, N. Engl. J. Med. 317, 781 (1987). 

14. R. K. Saiki et al.. Science 230, 1350 (1985). 

15. R. K. Saiki, N. Amhcim, H. A. Erlich, Biotechnology 
3, 1008 (1985). 

16. L. M. Smith et ai, Nature 321, 674 (1986); C. 
ConneU et a!., BioTechnupdes 5, 342 (1987). 

17. J. G. Wctmur and N. Davidson, Moi Biol 31, 349 
(1968). 

Io8o 



18. E. Soini and H, KojoJa, Clin. Chem. 29, 65 (1983). 

19. Genomic DNA was pun£cd from guanidinium 
HO-solubilized cells as described [D. Bowtcil, 
Anal. Biochnn. 162, 463 (1987)] and tesuspended 
by boiling before adding 7 pig in 4 (l1 of water per 
assay weD. The plasmid and genomic DNA samples 
were denatured W adding 1 jjJ of 0.5M NaOH and 
incubating for 10 min at 37'C before restoring the 
pH with 1 )l1 of 0.5M HQ. Aitemacively, samples of 
nucleated blood cells were used dirccdy as a source 
of DNA for the analysis. Cells (10^), obtained by 
FicoU-Hypaque (Pharmacia) flotation, were added 
in SO of phosphate-buffered saline to each well. 

20. The oligonucleotides were assembled by the phos- 
phoramiditc method [S. J. Horvath, J. R. Firca, T. 
HunkapiUcr, M. W. Hunkapiller, L. Hood, Methods 
Ettzymol. 154, 314 (1987)] on an ^plied Bionrs- 
terns model 380A DNA synthesizer and purified 
cither by polyacrylamidc gel electrophoresis or re- 
versed -phase high-pressure liquid chromatography 
(HPLC). Biotinyhtion was performed by reacting a 
biotin N-hydrox>'$uccinimide ester (Enzotin, Enzo) 
with a 5' aminothymidine residue incorporated in 
the oligonucleotide [U M. Smith, S. Fung, T. J. 
Hunkapiller, M. W. HunkapiUer, L. Hood, NutUic 



Acids Res. 13, 2399 (1985)]. The product was 
purified by rcverscd-phasc HPLC. 

21. The size of the area on which the beads were 
deposited was reduced by interposing a S-mm-thick 
plexiglass disk with conical holes with diameters of 
S mm on the upper surface and 2 mm on the lower. 

22. The author) acknowledge a stipend from the Knut 
and Alice Wallenberg Foundation to U.U and sup- 
port from NSF grant BNS 87 14486, Defense 
Advanced Research Projects Agency grant N00014- 
86K-0^5, Upjohn Company, and Appbed Biosys* 
terns, Inc. The oligonudcoddes were synthesized by 
S. J. Horvath and the fluorescence data were ana- 
lyzed by C. Dodd. R. K. Saiki provided plaamids 
and samples of genomic DNA obtained from cell 
lines. J. Kocenbog and K. Taruka made available 
blood samples from sickle cells patients. The N- 
hydroxysuccinimide ester of carboxy-2',7'-dimcth- 
oxy-4',5'-dichIorofluorc$cein was provided by M. 
W. HunkapiUcr. We acknowledge discussions with 
B. Korber, B. Popko, A. Kamb, N. Lan, L. Smidi, 
R. Bardi, V. A. McKusick, J. Rkhards, and M. 
Simon. 

11 April 1988; accepted 23 June 1988 



Amyloid Protein Precursor Messenger RNAs: 
Differential Expression in Alzheimer's Disease 

M. R, Palmert, T. E. Golde, M. L. Cohen, D. M. Kovacs, 
R. E. Tanzi, J. F. GUSELLA, M. F. Usiak, L. H. Younkin, 

S. G. YOUNKIN* 

In situ hybridization was used to assess total amyloid protein precursor (APP) 
messenger RNA and the subset of APP mRNA containing the Kunitz protease 
inhibitor (KPI) insert in 11 Alzheimer's disease (AD) and 7 control brains* Li AD, a 
Significant twofold increase was observed in total APP mRNA in nucleus basalis and 
locus ceruleus neurons but not in hippocampal subictilar neurons, neurons of the basis 
pontis, or occipital cortical neurons. The increase in total APP mfiLNA in locus ceruleus 
and nucleus basaiis neurons was due exclusively to an increase in APP mRNA lacking 
the KPI domain. These findings suggest that increased production of APP lacking the 
KPI domain in nucleus basaiis and locus ceruleus neurons may play an important role 
in the deposition of cerebral amyloid that occurs in AD. 



Alzheimer's disease (AD) is 
chararterized pathologically by large 
numbers of senile plaques and neu- 
rofibrillary tangles throughout the cerebral 
cortex and hippocampus. Senile plaques 
consist of clusters of degenerating ncuritcs 
surrounding an amyloid core composed of 
S- to 10-nm fibrils that stain metachromad- 
cally with Congo red. In many cases of AD, 
amyloid fibrils arc also found in vessel walls 
(1).A 4.2-kD polypeptide, referred to as A4 
or the p protein, has been isolated from the 
amyloid fibrils found in senile plaques (2) 
and vessel walls (3) of patients with AD. 
There is evidence that A4 may also be a 
component of the paired helical filaments 
found in neurofibrillary tangles {4). 

The gene encoding A4, which is located 
on chromosome 21 (5), produces at least 
three mRNAs (Fig. 1) referred to as APPevs 
APP7S1, and APP770 (<$-*). APP^p^, the 
mRNA that was initially idendiied (5), en- 



codes an amyloid protein precursor (APP), 
695 amino acids in length, that includes A4 
at positions 597 to 638. APP751 is identical 
to APP595, except for a 168-nuclcoride in- 
sert (6-8). This insert, previously referred to 
as HLI24i (7), would introduce 56 amino 
acids carboxyl terminal to Atg^^^ and con- 
vert Val^' into an isoleucine. APP770 is 
identical to APPvai, except for a 57-nudco- 
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TITLE: Genetic disease detection and DNA amplification using cloned 

thermostable ligase; 

ligase chain reaction using thermostable DNA- 
ligase of Thermus aquaticus 
AUTHOR: Barany F 

LOCATION: Department of Microbiology, Hearst Microbiology Research 
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AB A novel DNA detection system uses the thermostable DNA-ligase 

of Thermus aquaticus HB8 (ATCC 27634) to discriminate between a 
mismatched and complementary DNA helix. The enzyme specifically links 2 
adjacent oligonucleotides when hybridized at 65 deg to a complementary 
target only when the nucleotides are perfectly base-paired at the 
junction. Because the enzyme retains activity after multiple thermal 
cycles, the ligations may be repeated to increase product {termed 
ligase detection reaction) • Product is 

further amplified in a ligase chain reaction (LCR) by using 
both strands of genomic DNA as targets for oligonucleotide hybridization. 
2 Sets of adjacent oligonucleotides, complementary to each target strand, 
are used. The ligation products from 1 round become the targets for the 
next round of ligation. By use of LCR, the amount of product can be 
increased exponentially by repeated thermal cycling. A single-base 
mismatch prevents ligation/amplif ication and is thus distinguished. The 
method was used to discriminate between normal beta-A and sickle beta-S 
globin genotypes from 10 ul blood samples. (30 ref) 
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TITLE: Identifying a target nucleic acid sequence variation 

comprises providing oligonucleotide probe sets, each 
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DNA probe and DNA array for use in sequence variation 
identification 

AUTHOR: DELGROSSO K; FORTINA P; GRAVES D; SURREY S 

PATENT ASSIGNEE: UNIV JEFFERSON THOMAS; UNIV PENNSYLVANIA 
PATENT INFO: WO 2005001113 6 Jan 2005 
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DOCUMENT TYPE: Patent 
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AB DERWENT ABSTRACT: 

NOVELTY - Identifying a target nucleic acid sequence variation comprises 
providing one or more oligonucleotide probe sets, each set characterized 
by (i) a first oligonucleotide probe, having a first target -specif ic 
portion and a first barcode, and (ii) a second oligonucleotide probe, 
having a second target-specific portion and a second barcode. 

DETAILED DESCRIPTION - Identifying a target nucleic acid sequence 
variation comprises: (a) in (Ml), providing a sample potentially 
containing one or more target polynucleotide; (b) providing one or more 
oligonucleotide probe sets, each set characterized by: (i) a first 
oligonucleotide probe, having a first target-specific portion and a first 
barcode; and (ii) a second oligonucleotide probe, having a second 
target-specific portion and a second barcode, where the first 
oligonucleotide .probe and the second oligonucleotide probe in a 
particular set are for ligation together when hybridized adjacent to one 
another on a corresponding target polynucleotide; (c) providing a 
ligase; (d) blending the sample, the one or more oligonucleotide 
probe sets, and the ligase to form a mixture; (e) subjecting 
the mixture to one or more ligase detection 

reaction cycles comprising a hybridization treatment, a ligation 
step and a denaturation treatment, where the oligonucleotide probe sets 
hybridize at adjacent positions to form a ligated product containing the 
first barcode, the target-specific portions connected together, and the 
second barcode; (f) providing a solid support with one or more 
surface-bound probes on an array, where the surface-bound probes are 
complementary to the first barcode; (g) contacting the ligated product of 
step (e) with the solid support under conditions for .hybridization of the 
first barcode with the surface-bound probes; (h) providing a third 
barcode carrying one or more detectable labels and a nanoparticle 
attached into it, where the third barcode is complementary to the second 
barcode; and (i) detecting the presence of the detectable labels on the 
ligated product captured on the solid support at particular sites, thus 
detecting the nucleic acid sequence variation in the sample; or (j) in 
(M2), providing a sample potentially containing one or more target 
polynucleotides with at least one nucleotide variation; (k) providing one 
or more oligonucleotide probe sets, each set characterized by: (i) a 
first oligonucleotide probe, having a first target-specific portion and a 
first barcode; (ii) a second oligonucleotide probe, having a second 
target-specific portion and a second barcode; and (iii) a third 
oligonucleotide probe, having a third target-specific portion and a third 
barcode, where the first target-specific portion in the first 
oligonucleotide probe in a particular set is for ligation with the second 
target-specific portion in the second oligonucleotide probe, or the third 
target-specific portion in the third oligonucleotide probe; (1) providing 
a ligase; (m) blending the sample, the oligonucleotide probe 



sets, and the ligase to form a mixture; (n) subjecting the 
mixture to one or more ligase detection 

reaction cycles comprising a hybridization treatment and a 
denaturation treatment, where the oligonucleotide probe sets hybridize at 
adjacent positions to form at least two ligated product, the first 
ligated product containing the first barcode, the first target-specific 
portion connected with the second target-specific portion, and the second 
barcode, the second ligated product containing the first barcode, the 
first target -specific portion connected with the third target-specific 
portion, and the third barcode; (o) providing a solid support with 
surface-bound probes on an array, where the surface-bound probes are 
complementary to the first barcode; (p) contacting the first and the 
second ligated product of step (n) with the solid support under 
conditions for hybridization of the first barcode with the surface-bound 
probes; (q) providing a fourth barcode carrying one or more detectable 
labels and a nanoparticle attached into it, where the fourth barcode is 
complementary to the second barcode; (r) providing a fifth barcode 
carrying one or more detectable labels and a nanoparticle attached into 
it, where the fifth barcode is complementary to the third barcode; and 
(s) detecting the presence of the detectable labels on the first ligated 
product, the second ligated product, or both on the solid support at a 
particular site, thus indicating the presence of one or more nucleic acid 
variation in a sample. An INDEPENDENT CLAIM is also included for a 
diagnostic test kit, for detecting nucleic acid variations in a sample, 
comprising (i) oligonucleotide probe sets, each set characterized by: (a) 
a first oligonucleotide probe, having a target-specific portion and a 
first barcode; (b) a second oligonucleotide probe, having a 
target-specific portion and a second barcode, where the first 
oligonucleotide probe and the second oligonucleotide probes in a 
particular set are for ligation together when hybridized adjacent to one 
another on a corresponding target polynucleotide, but have a mismatch 
which interferes with such ligation when hybridized to any other 
polynucleotide present in the sample; (c) ligase reagents; and 
(d) a third barcode carrying one or more detectable labels and a 
nanoparticle attached into it, where the third barcode is complementary 
to the second barcode. 

BIOTECHNOLOGY - Preferred Method: The target nucleic acid sequence 
variation is a single nucleotide polymorphism. The surface-bound probes 
capture a normal target polynucleotide, a mutant target polynucleotide, 
or both, where the nanoparticle is attached at a 5* end or a 3 ' end of 
the third barcode. The detectable labels comprise one or more dyes, which 
have different surface-enhanced Raman spectra signatures, where dyes 
comprise cyanine dye, RllO, R6, TAMRA, ROX, FAM, JOE, ZOE, TET, HEX, NAN, 
Texas Red, Rhodamine Red, Alexa dyes, or a combination, and where cyanine 
dye comprises CYA, Cy2, Cy3, Cy3.5, Cy5, Cy5.5, Cy7, or Cy7 . 5 . 3 . The 
mutant target polynucleotide differs from the target polynucleotide in 
the sample at one or more single nucleotide positions. The nucleic acid 
sequence variations comprise multiple allele differences at a single 
nucleotide position, at two or more nucleotide positions, or at 
nucleotide positions in multiple target polynucleotides. The 
target-specific portions of the oligonucleotide probe sets have 
substantially the same melting temperature so that they hybridize to the 
target polynucleotides under similar hybridization conditions. The 
nucleic acid sequence variations comprise insertions, deletions, 
microsatellite repeats, translocations, mutations, or a combination. The 
denaturation treatment is at 70-105degreesC . The target-specific portions 
of the oligonucleotide probes each have a hybridization temperature of 
40-85degreesC, preferably 60-70degreesC. The denaturation and the 
hybridization are 30 seconds to 5 minutes long. Step (e) , of (Ml), is 
repeated for 2-50 cycles and takes 1-25 0 minutes. The ligase is 
Thermus aquaticus ligase, Thermus thermophilus 
ligase/' Escherichia coli ligase, T4 DNA ligase 
, Thermus sp,, AK166 ligase, Aquifex aeolicus ligase. 



Thermotoga maritima ligase, and Pyrococcus ligase. 

The target -specific portions of the oligonucleotide probes are 15-30 
nucleotides long. The method further comprises amplifying the target 
polynucleotides in the sample prior to the ligase, where 
amplification is carried out by subjecting the sample to a 
polymerase -based amplifying procedure. The solid support is made from a 
material, e.g. plastic, ceramic, metal, resin, gel, glass, silicon, and 
their composites. The method further comprises treating the ligated 
product chemically or enzymatically after step (e) , of (Ml) to remove 
unligated oligonucleotide probes, where the treatment is carried out with 
an exonuclease. The target polynucleotide is a genomic DNA. The ligated 
product is amplified with additional universal primers and DNA polymerase 
after ligation. The second and the third oligonucleotide probes capture 
allelic variants of a target polynucleotide. The detectable label carried 
by the fourth barcode comprises a first dye and the detectable label 
carried by the fifth barcode comprises a second dye, where the first and 
second dyes have different surface-enhanced Raman spectra signatures. 
Preferred Diagnostic Test Kit: The third barcode comprises at least two 
different barcode sequences. The nanoparticle and the third barcode are 
in separate containers, and the third barcode is attached to the 
nanoparticles prior to performing an assay. The nanoparticle, the third 
barcode, or both are functionalized prior to attachment of the 
nanoparticle. The diagnostic test kit further contains a substrate, the 
substrate having attached into it a probe that hybridizes to the first 
barcode, where the probe is a DNA microarray. 

USE - The methods and kit are useful for identifying a target 
nucleic acid sequence variation. (53 pages) 
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AB The present invention is directed to a method of designing a plurality of 



capture oligonucleotide probes for use on a support to which complementary 
oligonucleotide probes will hybridize with little mismatch, where the 
plural capture oligonucleotide probes have melting temps, within a narrow 
range. The first step of the method involves providing a first set of a 
plurality of tetramers of four nucleotides linked together, where (1) each 
tetramer within the set differs from all other tetramers in the set by at 
least two nucleotide bases, (2) no two tetramers within a set are 
complementary to one another, (3) no tetramers within a set are 
palindromic or dinucleotide repeats, and (4) no tetramer within a set has 
one or less or three or more G or C nucleotides. Groups of 2 to 4 of the 
tetramers from the first set are linked together to form a collection of 
multimer units. From the collection of multimer units, all multimer units 
formed from the same tetramer and all multimer units having a melting 
temperature in °C of less than 4 times the number of tetramers forming a 
multimer unit. are removed to form a modified collection of multimer units. 
The modified collection of multimer units is arranged in a list in order 
of melting temperature The order of the modified collection of multimer units 
is randomized in 2®C increments of melting temperature 
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AB The present invention describes a method for identifying one or more of a 
plurality of sequences differing by one or more single base changes, 
insertions, deletions, or translocations in a plurality of target 
nucleotide sequences. The ligation phase utilizes a ligation 
detection reaction between one oligonucleotide probe 
which has a target sequence-specif ic portion and an addressable 
array-specific portion, and a second oligonucleotide probe, having a 
target sequence specific portion and a detectable label. After the 



ligation phase, the capture phase is carried out by hybridizing the 
ligated oligonucleotide probes to a solid support with an array of 
immobilized capture oligonucleotides at least some of which are 
complementary. to the addressable array- specific portion. Following 
completion of the capture phase, a detection phase is carried out to 
detect the labels of ligated oligonucleotide probes hybridized to the 
solid support. The ligation phase can be preceded by an amplification 
process. The present invention also relates to a kit for practicing this 
method, a method of forming arrays on solid supports, and the supports 
themselves. 
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AB The present invention describes a method for identifying one or more of a 
plurality of sequences differing by one ^ or more single base changes, 
insertions, deletions, or translocations in a plurality of target 
nucleotide sequences. The method includes a ligation phase, a capture 
- phase, and a detection phase. The ligation phase utilizes a ligation 
detection reaction between one oligonucleotide probe, 
which has a target sequence-specific portion and an addressable 
array-specific portion, and a second oligonucleotide probe, having a 
target sequence-specific portion and a detectable label. After the 
ligation phase, the capture phase is carried out by hybridizing the 
ligated oligonucleotide probes to a solid support with an array of 
immobilized capture oligonucleotides at least some of which are 
complementary to the addressable array-specific portion. Following 
completion of the capture phase, a detection phase is carried out to 



detect the labels of ligated oligonucleotide probes hybridized to the 
solid support. The ligation phase can be preceded by an amplification 
process. The. present invention also relates to a kit for practicing this 
method, a method of forming arrays on solid supports, and the supports 
themselves . 
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AB The present invention relates to the detection of nucleic acid sequence 
differences using coupled ligase detection 
reaction (LDR) and polymerase chain reaction (PCR) . One 
aspect of the present invention involves use of a ligase 
detection reaction coupled to a polymerase chain 

reaction. Another aspect of the present invention relates to the use of a 
primary polymerase chain reaction coupled to a secondary polymerase chain 
reaction coupled to a ligase detection 

reaction. A third aspect of the present invention involves a 

primary polymerase chain reaction coupled to a secondary polymerase chain 

reaction. Such coupling of the ligase detection 

reaction and the polymerase chain reaction permits multiplex 

detection of nucleic acid sequence differences. Several rapid, single 



assay formats are presented to detect the presence or absence of multiple 
selected sequence in a polynucleotide same that differ by single-base 
changes, insertions, deletions, translocations, and/or allele differences. 
Each of these embodiments have particular applicability in detecting 
certain characteristics, but possess the common characteristic that each 
requires the use of coupled reactions for multiplex detection of nucleic 
acid sequences differences where oligonucleotides from an early phase of 
each process contain sequences which may be used by oligonucleotides from 
a later phase of the process. 
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WO 1993-US3561 14 Apr 1993 
US 1992-874845 27 Apr 1992 
Patent 
English 

WPI: 1993-368814 [46] 
A new method for detecting a mutant allele comprises: extracting DNA from 
a biological fluid sample (whole blood, serum, plasma, urine, sputum or 
cerebrospinal fluid); denaturing the DNA to form 2 strands; amplifying 
the mutant allele using at least 1 set of 4 allele-specif ic 
oligonucleotide primers, containing 1 primer complementary to a 
mutation-containing segment on the 1st strand, and a 1st common primer 
for pairing during amplification to each . allele-specif ic pair, 
complementary to a segment of the 2nd strand of DNA; and detecting the 
mutant allele. Amplification may be by the polymerase chain reaction 
(using Thermus aquaticus Taq DNA-polymerase {EC-2.7.7.7) 
lacking 3 ' -exonuclease activity), allele-specif ic ligase chain 
reaction or ligase detection reaction. The 

mutant allele is the k-ras gene with a mutation at position 1 or 2 in the 
12th codon. The method is useful e.g. in cancer diagnosis. (49pp) 
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AB Ligase chain reaction and ligase detection 

reaction are made more efficient and the noise level reduced by 
using higher temps, and a thermostable DNA ligase from Thermus 
aquaticus. The gene for the T. aquaticus ligase 

is cloned and expressed in Escherichia coli. The gene was cloned by 

complementation in an E, coli with a temperature-sensitive ligase and 

the gene was placed under control of a T7 promoter or the phoA promoter 

for high level expression. Chromatog. purification of the protein from lysates 

of cells in which the gene was under control of the phoA promoter yielded 

6 mg of enzyme (107 units) from 2 L of culture ( .apprx. 105-fold purification) . 

When used at 65° the enzyme was capable of catalyzing the 

ligase detection reaction and the 

ligase chain reaction. Control studies indicated that the enzyme 
was inactive against mismatched combinations of primer and target but was 
active when the match was perfect. The enzyme was active with femtomolar 
substrate concns . The use of the enzyme in the detection of p-globin 
alleles was demonstrated. 
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AB A novel DNA detection system uses the thermostable DNA-ligase 

of Thermus aquaticus HB8 (ATCC 27634) to discriminate between a 
mismatched and complementary DNA helix. The enzyme specifically links 2 
adjacent oligonucleotides when hybridized at 65 deg to a complementary 
target only when the nucleotides are perfectly base-paired at the 
junction. Because the enzyme retains activity after multiple thermal 
cycles, the ligations may be repeated to increase product (termed 
ligase detection reaction) . Product is 

further amplified in a ligase chain reaction (LCR) by using 
both strands of genomic DNA as targets for oligonucleotide hybridization. 
2 Sets of adjacent oligonucleotides, complementary to each target strand, 
are used. The ligation products from 1 round become the targets for the 
next round of ligation. By use of LCR, the amount of product can be 



increased exponentially by repeated thermal cycling. A single-base 
mismatch prevents ligation/amplif ication and is thus distinguished. The 
method was used to discriminate between normal bet'a-A and sickle beta-S 
globin genotypes from 10 ul blood samples. (30 ref) 
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Abstract 

Bacteriophage T4 DNA ligase effectively joins two adjacent, short synthetic 
ohgodeoxyribonucleotides (oligos), as guided by complementary oligo, plasmid and genomic 
DNA templates. When a single bp mismatch exists at either side of the ligation junction, the 
eflficiency of the enzyme to ligate the two oligos decreases. Mismatch ligation is 
approximately five-fold greater if the mismatch occurs at the 3' side rather than at the 5' side 
of the junction. During mismatch ligation the 5' adenylate of the 3' oligo accumulates in the 
reaction. The level of the adenylate formation correlates closely with the level of the 
mismatch ligation. Both mismatch ligation and adenylate formation are suppressed at 
elevated temperatures and in the presence of 200 mM NaCl or 2-5 mM spermidine. The 
apparent for the oligo template in the absence of salt is 0.05 whereas the 

increases to 0.2 /^M in the presence of 200 mM of NaCL In this report, we demonstrate these 
properties of T4 DNA ligase for oligo pairs complementary to the /^-globin gene at the 
sequence surrounding the single bp mutation responsible for sickle-cell anemia. Because of 
the highly specific nature of the nick-closing reaction, ligation of short ohgos with DNA 
ligase can be used to distinguish two DNA templates differing by a single nucleotide. 

Author Keywords: Recombinant DNA; genetic diseases; nucleic acid modifying enzymes; 
oligodeoxyribonucleotide 

Abbreviations: bp, base pair(s); CIAP, calf intestinal alkaline phosphatase; DTT, 
dithiothreitol; EBV, Epstein-Barr vims; Exo III, exonuclease ffl; 1^1 9A, H/?19S, H/?23 A; 

see Table I; HPLC, high-performance liquid chromatography; nt, nucleotide(s); 
oligo, oligodeoxyribonucleotide; ONI, 0NA2, 0NS2, 0NA3, 0NS3 and 0N4, see Fig. I 
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